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1.0 

1.1 Infroducfion 

Tidd, an electric generating etation in Brilliant, Ohio, ie the 
firet utility n cale premurimd fluidfred hod canbumtor to operato 

in combined cycle mcdm in the United Statam. The plant in owned and 
operated by Ohio Power Company (OPCo) Md is located on the banka 

of the Ohio River, approximately 75 milem dowutrmmm of Pitteburgh, 
Pennxylvaaia. The project ie hing co-funded by Ohio Power Cmpany, 
a mubmidiary of Americao Electric Power (MP), the U.S. Department 
of ltnergy (DOE), Md the Ohio Coal Develomnt Offiom (OCDO). 

Tidd ix a 45 ymar old pulverised coal power pllntwhichwae repowered 

with PFBC oomponentx in ordu to dewnetrate that thie technology 
would burn coal efficiently while capturing 90\ of the l ulfur in the 
Coal Md &tting l igI%ifiOMtly lees nitrogen oxidee (NO.) fhM 
conventional coal burning power plMta. 

The PFBC related equipmnt wae n upplied by ASU Babcook, a 
partnerehip between ML8u Brown Boveri Carbon (AEB Carbon) Md the 
Babcock C Wilcox Cempany (B&W). Amoric~ Electric Power Service 
Oorporation (MPSC) engineered and designed the rmnindar of the 
plant. Construction Md aodifiCatiOn of the l xieting facility weze 
performed by Ohio Power Cunpany. 

Detailed deeign work on the projwt bogan in Hay, 1966, and mite 
construction work l tarted in April, 1908. Unit l tart-up wae 
initiated in Nomi&exr 1990, iumediatoly following caapletion of 
preoperational eyetuu teeting. The firet canbined cycle operation 

WaD achieved on November 29, 1990, Md on February 26, 1991, the 
three-yeex demonstrationPeriodbegm. Thietopicalreportdeecribee 
the first 18 months of operation from JMU~ 1991 through the 
acceptance temtm in June, 1992. 
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1.2 Introduction To Fluidized Bed Combuetion 

In fluidizedbedccmbuetion, coal and eorbent (dolomiteor limeatone) 
are fed into a boiler in which air, entering from the bottom, 
maintaine the bed material in a highly turbulent euepended state 
called fluidization. Thin turbulence create6 good contact between 
the air Md fuel, allowing for high ccmbuetion efficiency and 
excellent adsorption of eulfur dioxide (SO,) during the combuetion 
prooeee. 

In PFBC applications, preeeurized air ;B eupplied to the combuetor. 
Pressurizing tho.air conoentratee a larger quantity of oxygen per 
unit volume. Thie remlta in a lower velocity of air through the 
fUat1 bed. Thm lower velocity reduces the total height required for 

the bed and freeboard above the bed. Also, a l mailer plan area is 
required for the bed area ae compared to an atmoepheric fluidized 
bed. Thie hae the advantage of requiring a much mailer pressure 
resee1 to contain the boiler enclomure. 

The mean bed temperature of l .presaurired fluidized bed combuetor 

ie typically maintained in the rmgm 1540 to 1580 F. Thie ie well 
below the l eh fueion temperature of coal, yet above the ignition 
temperature of the coal. Advantagea of the low bed temperature are 
no l lag formation and a reduction of NO, deelone to leee than half 
that of a conventional boiler. 

1.3 Tidd PFBC Combined Cvcla 

The Tidd Plant ie a, combined cycle prmmurized fluidized bed 
combuetion eyetmm with a topping air cycle and a bottoming steam 
cyclr (Figure 1). When operated in combined cyole mode, the 
preeeurized fluidired bed canbumtor providem mtmm to power a steam 
turbine cycle, and preeeurired gas to pwor a gae turbine. The gam 
turbine ie coupled to a generator and a compressor that l uppliee 
combustion air to the procees. 

The PFBC boiler containm the fluidized bed where combuetion occurs. 
The primary and secondary cyclone aeh eeparatore are located in the 
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FIGUBE 1 
TIDD CrcLB scnala%IC 

gam exit path, Md remove particulate from the gam before it enters 
the gas turbine. Thm a#h reinjmction tank6 l tore l eh removed from, 
the bed until it is needed to raise the bed level when increasing 
load. 

The boiler im contained in a premure vemae1 along with the cyclone 
amh l eparatore, the bed aoh reinjectionveaeele, cyclone aehcoolera, 
and gam collection pipem (Figure 2). ,Thim demign reducom the 
differential premsurm aorosm the boiler membrane walls and pumita 

recovery of beet lomwes by combustion air. 

At full load, tha maporator tubem, along with momt of the primary 

Md l econduy superheater tubem , arelocated intbebed. Depending 

on the bed level, fmmr of theee tubom um lmarmed fn the &d. By 

raising and lowering the hod level, hoat traasfmr to the boiler tube 
bank can k COntrOlled Md load EM be Omiti. The bed level ie 
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IIGORS a 

TIDD PPBC IELanD 

adjumtad by transferring bui ,%atmrial ktwrn thm bed and the 
r*injection vos~lm. Fual fnd must ba adjustad to maintain bed 

temperature at varying bed heights. The fuel consiatm of crushed 
coal mixed with water to form a pa&e, which ia injected into the 
boiler by nix hydraulically operated piston pumpe. 

The morbent injection system is wad to convey and inject granular 
sorbant material (dolomite) into thm beilmr to obtain the required 
sulfur rmtmntion. The injection rata of the l orbent ia controlled 
to l ohieve tha required sulfur retention for a given fuel feed and 
operating condition. 

The aah romidue from the coal and norbout that remainm in the bed 
im cooled by aft and remove d from the boiler by a dual lockhopper 
system. About half of the ash remidua l lutriates from thm bed and 
is carried out in the oxhauat gam mtream. In order for the gas to 
be utilired by the gam turbid, it mumt ba cleaned to prevent damage 
to the turbine blade@. The aah im removed from thm flu* gas by 
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cyclone separators. A small portion of the flue gaa ie uead to 
traneport the separated ash through the ash coolers and out of the 
combuetor veeee1. After pawing through the cyclones, the gas is 
conveyed to the gas turbine. 

The pressurired and heated gas is expanded through the ruggedized 
high pressure and low pressure turbines, prwiding the energy to 
drive the compremmorm and a generator which producea about 201 of 
the plant electrical output at full load. 

The flue gas, after leaving the low procure turbine, paames acrow 

the feedwater economfoer. Prom the economfrer, the gas flows 
through the precipitator and on to the Cardinal Plant #tack. 

The boiler water-ateam cycle im once-through at l uncritical 
premure . All once-through boilerm mumt have earn meane for 
l eparating #team and watmr at low loads , and alao a prwimion for 
maintaining a minimum water flow. A moimture l eparator and boiler 
cfrculating pump have been incorporated fn the design. At low 
load,, the wimturo wpuator l ctm like a mteam &rum to wparate the 
water from the l team/water mixture leaving the evaporator. The 
boiler citculatLng pump recirculates the wator from the moisture 
separator back through tha boiler to maintain minimum flow. 

The firm+ step in boiler start-up ie to initiate the clean-up cycle. 
A once-through boiler ham no ateam drum where l olida accumulate and 

can be blown down.. Therefore, boiler water must be of a high purity 
kfore steam generation can take place. The clean-up cyole aends 
feed water flow through tba boiler wator circuits to the vertical 
separator , where it ia blown down to the conden8.r and routed 
through condensate polishers before returning to the boiler through 
the condensate and feedwater cycle. Thie process fs continued until 
the water La sufficiently pure. 

Once the clean-up cycle im complete, a minimum feedwater flow is 
l atablimhed to the vertical separator. This fa done prior to the 
fluidiration of the bed. 

To hart the boiler p-w, a shallow bed of mad and/or bed 
material ia fluidired Md preheated by tha oil-fired pmheater. The 
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preheater brings the bed temperature up to the ignition temperature 
of the coal. When the bed material ham reached the required 
ignition temperature of 1200 F, the coal-water paote is injected and 
the preheater is ramped off. 

Feedwater flow im emtmblfshed at 10% of full-load flow via a pump 
that reciroulatem water through the boiler enclosure and evaporator 
to maintain minimum cooling flow. Until the mteaminq rate reachem 
101, the l eparator drafnm will r- excemm water to the condenmer. 
While thm boiler circulating pump im operating, feedwater flow is 
regulated to maintain meparator level. The vertical separator and 
boiler circulating pmpm arm umed up to approximately 402 load, 
above which thm boflu becawm onp-through and the pump im l hut 
down. Once the pump im l hut down, feedwater flow im regulated to 
control steam tmmperature, and a minimum water level in the 
meparator im maintained to permit a remtart, if necemmary. 

Until l efficient l temm flow at temperature and premeure is available 
to roll the n team turbine, thm premmure increase im controlled by 
the turbine bypamm l ymtem. Aftu l team turbine roll, the turbine 
throttle valve rmgulatem prommurm. 

The gam turbine im motored during l tart-up to produce the power 
required to drivm thm canpremmor which muppliem combumtion air. Am 
the tmmperature of the gam leaving the combumtor increamem, a 

deereaming amount of power im umed from the grid. Eventually, the 
gae turbine ie capable of driving the generator to produce 
electricity, 

Changing load changing im accomplimhmd by changing the bed level to 
l xpome more or lemm of the in-bed heating l urface to the fluidized 
bed, which ham high conductive heat tranmfer ratem. Cm a load 
increamo, the bmd level im increamed and more of khm heating surface 
is covered with bed material. Thim increamem the gas temperature 
to the gam turbine and l team generation. Peedwater flow im also 
increamed am firing rate iacreamem to protmct the heat transfer 
murfacem. Am the bed level increamem, fuel and air flow are 
increammd to keep the bed tmmperature conmtant. Am the mamm flow 
and tempuature of gam to the gam turbine increase, mo doem the 
output of the gas turbiae. Steam temperature is controlled by 
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attenqeration, and l tea!a premmure im maintained by modulating the' 
mteam turbine throttle valve. 

Shutdown ia accomplimhed by reducing the bed level to the minimum 

~level and l topping the fuel injection. The load on the gam turbine 
decreases with the boiler until it returnm to a motorfng condition. 
The paa turbinm remainm fn operation until the bed material ham 
cooled to protmct thm tubm bundle Md prevent nintuing. 

In the went of a gam turbine trip, the combumtor im inmwdiately 
imolated from the gam turbine by M fntmrcept valvm at the turbine 
inlet. The lomm of air flow cauaem the hot bed to l lump. 
Sufficient feedwator flow is maintained to protect the in-bed 

l urface. In addition, l pmcial l ymtmmm have bmmn designed to 
depremmurize the oanbumtor rrmmel, inert Md cool the bmd material, 
Md r-e it from the bed in preparation for a remtart. 

When the mteam turbine tripm, about 501 of tha mtemm flov im 

bypammed to the condenmerr the rmmainder im ventmd to atmomphere 
wing a premmure control valvm. Boilu heat im rapidly rmduced, Md 
the unit im l hut down in thm nonual manner. 

Thin topical report dimcummem thm operational ampmctm of the 
demonstration program through the run ending July 10, 1992. 
operating data for the period is muxnar ized in Table 1. During the 
fir& eighteen months, two major outagem wue required to correct 
problems. 

In mid-8eptembmr, 1991, the unit warn taken out of l ervice for 12 

weekm to make major wdificationm (mee 8ution 6) to improvm unit 
performance and further improve unit reliability. The unit warn 
returned to l ervice in Decmaaber, 1991. After l wie initial problemm, 
the unit began to opmratm more conmimtontly; however, run durationm 
were still limited by operating problm. lrrom Decemkar 15, 1991, 
through March 5, 1992, the unit fired coal for a total of 530 hourm, 

with the longemt run being 154 hourm. 
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In mid-March, 1992, vibration induced cracks were discovered on the 
low preeaure turbine blade roots. A nine week outage was taken to 
replace tho bladee with a new design. During thie outage, a portion 

Tablrn I: Tidd PWC Demonstration Plant 
OPOrating Statilrticm Through July 10, 1992 

GAS TORBINRr 
Total Starta 
Total Operating Time 

BED FRENEATFa: 
Total Stastm 
Total Opmrating Tim 
Total Operating Tima a 1200 I 
Total Operating Tinu c 1200 I 

116 
494 
237 

30 

FIJEL INJECTION: 
Total Starte 
Total Operating Tidm 
Total Operating Tim > 45% Load 
Total Operating Tiam > 855 Load 

cok5DSTat TRIPS: 
Total Tripm 
Total Tripm frown W Prohoating 
Total Trips from Coal InWztion 
Total T&a fram > 45b L6ad 
Total Tripa from > S5\ Load 

GAS TDRSINE TRIPS8 
Total Tripe 
Total T&s from Air Proheating 
Total Trips from S9d Preheating 
Total Trips from Fuel Injection 
Total Trips from Shutdown or Temting 
Total Tripe from > 45% Load 
Total Tripa from > 85t Lead 

GENERATION To DATE: 
Steam Turbine 
Cam Turbine 
Total Grow 

COAL AND SOREENT DSEI 
Total Coal Injected 
Total Sorbant Injwtd 

$ONGEST OONTINUOIJS COAL FIRE TO DATE: 
740 hours (June 8 - July 10, 1992) 

2136: 
1362 

92 

92 

1; 
14 
52 

5 
1 

65946 NN 
14265 NN 
79761 MN 

27652 Tons 
14585 Tone 
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Of the hot ga8 clean up test #lip straw was installed. 
Additionally, a significant coal cruehar test program was undertaken 
in an attempt to iaprove coal p+mte quality and crusher reliability. 

The unit was rmturned to *orvice on May 10, 1992, but experienced 
a leak in an l xpanmion joint of the newly installed hot gas clean 
UP PiPfnP. The ow cyclone &ring uwd by hot gas clean up was 
bla&ed off to allow the unit to run with six cyclone &ring@. 

The unit warn returned to service on Junm 8, 1992. It ran 
continuously for 31 days at 70% capacity factor. During thim run, 
thm contract accoptanco twtm wro run. Tha unit was taken out of 

l ervicm in a controlled manner on July 10, 1992, for equipment 

inqectionm. 

1.5 S stem d C aw S 

.LWringtho fir8toightm months of operation, l xpmrionce was gained 
in operating the PFBC irland and auxiliary equipent. Thim w&ion 
details that l rperience and modificationm that wmrm Iludo to improve 
the puformanw and operability of the l quipnent. 

1.5.1 peat-Bed Cunbumtiag 

Post-hod combustion Fn ths cyclones warn experienced during the 

firm+ year of operation. Two typw of firw occurred. The 
first type occurred mainly at low loads and were cantered in 
the dip-leg region oftb cyclone. Theme firom worm attributed 
to l cwmiw carrywu of carbon at the 1-r bed levels, and 

warm particululy prwwt when l orbwt injection warn not in 
wrviw. 

The other typm of firm involved the l ntire gas l trmm through 
given cyclow strings. Thim typm of firm wu l ttributd to 
caubumtion of wlatilos that had not burned in thm bed duo to 
oxygen depleted plumem located near the fuel norrlo outlets. 
Efforts wmrm d&mat& at achiwinp b&tar distribution of the 
fuel in tha bed, which nmulted in sam iaprovamntm. It *aa 
alma detorminad that thm iatonmity of the firmm oould bo 
reduced with drier coal pa&e. It im believed that drier pants 
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produces larger and more coneietent sized agglomerates in the 
bed, which slow down the volatile release rate. The Blower 
release rates allow the fuel agglomeratee to better mix, in 
oxygen-rich sections of the bed. 

During the Fall 1991 outage, additional modificationa were 

made to the fuel injection eyetem to achieve better 
distribution of the fuel. Alao, a freeboard gae mixing mystem 
that employe l teem jete was installed in order to prevent 
exceeeive individual cyclone string tempmraturos aeeociated 
with volatile firee. The intent of thin eyetem was to achieve 
combumtion of l capinp wlatilee in the fraoboard region. 
Operation of the l twm jets would npreadthe heat release over 
the entire gae flow, rather than allowing it to concentrate 
in one or two cyclone etringe where it would result in 
temperatures that approach material limite, and neceesitafe 
a load reduction or trip. In addition to these physical 
modifications, further effort8 wore expended during the outage 
to l ttwpt to produce a drier coal paete that was pumpable. 

During the rune that tollcued from Decwber, 1991, to March, 
1992, the above efforts produced a noticeable improvement on 
volatile fires; howwmr, ongoing offorb to dry out the coal- 
water paete frequently resulted in coal injection line pluga. 
One new problm developed. The cyclone dip leg firee that had 
previously occurred only at low loade were n? occurring at 
much higher loads in certain cyclone strings. These fires 
were able to be controlled through uee of the freeboard steam 
mixing eyetem that apparently acted to more evenly distribute 
the unburned carbon to the cyclone etringe. 

Preeently, with improved coal paete and the uee of freeboard 

mixing, the unit operates with nc evidence of any significant 
dip leg or volatile fire*. 

1.5.2 Boilel; 

The amount of A.+-bad tube surfam initially inetalled warn 
ineufficient and reeulted in achieving only 'IIt of doeign in- 
bad heat absorption at the original full bed height of 126 
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inchea. During the Fall 1991 outage, approxtiately 25% more 
in-bed eurfaco was added above the existing tube bundle, with 
the intent to achieve full deeign absorption. Due to the 
premence of poet-bed combustion and the gas turbine inlet 
temperature limitation, the design bed temperature wad to 
airetha surface addition warn 1540 F vernua the 1550 F original 
design value. At the new full bed height of 140 inchw, the 
in-bed eurface ie et111 not aired for the original design heat 
input. Firin ratm ie limited to 93% of the original design 
value of 205 HbIt. 

1.5.3 Economizeg 

The finned tube economirer exhibited significantly heavier 
fouling than originally anticipated, which reeulted in high 
gae-•ide velocities. Vibration induced by theme high 
velocities im believed to have been the caume of four tube 

leake that occurred during the s-r of 1991. During the Fall 

1991 outage, four l ootblowerm were inmtalled to reduce the 
fouling and anti-vibration tiem wore inmtalled to l limfnate 
the caume of the tube failurea. While no additional tube leake 
were experienced, there warn etill heavy foulfng in ragionm of 

the econcmioer that the sootblowerm could not reach. 
Therefore, four additional l ootblowere were inmtalled. 
However, the l concmirer gam exit tmperature im n till high. 

1.5.4 Sorbent Iniection Svstem 

During initial l tart-up, the marbent injection n ymtw 

experionoed operating difficultlee related to valve and rotary 

frdmr bindin and wear. Aa a result of chengem to rotary 
feeder material, drive modificationm, and valve repair and 

replacementm, thim my&em im now very reliable. 

In addition, the tranmport pipin l xperionoed l evere erosion 

at the bendm. Thee@ bend@, which are l oeentially cromeem, 

originally had a hardmad l twl lining. Thm all metal pipe 
crowem were replaced with ceramic lined crowem which have 
not eroded. Barmr, the l&t ptping eegmente, which are 
l tainlemm mtwl and act ae the injection notxlee, have 
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experienced accelerated erosion. This problem im preeently 
under investigation. The straight piping Pections, which have 
a hardened etwl lining, have not experienced erosion. 

Another problem encountered with the morbent injection system 

Warn the formation of l orbent bawd "clinker" depomitm in the 
tube bundle above the injection nozzles and adjacent coal 
notslee. The clinkerm, which were formed from vmry fine 
morbent particlem, l hcued no evidence of particle melting and 
appeared for the first time in January, 1992. since there had 
been no major changem to the morbent injection mymtw prior 

to the clinker formation, the caume for theme clinkerm warn not 
readily l pperent. Eowver, by ehortenicg the morbet injection 
nonrles and changing the point of eorbent admission into the 
bed, the clinkerm have been eliminated. 

1.5.5 Coal Precaration And Coal Iniection Sveteme 

The coal preparation mymtam wae demigned to crush 3/4" x 0 
cool to a eixe that Rae n uitable for both paete pumpability 
and canbuetion within the fluidized bed. For pumpability, the 
mom+ critical requirement 1s that 20% of the crushed coalmuat 
k l ised to minus 325 memh, which then permits the moimture 
content of the pamte to be lowered to approximately 25% by 
might. Am the percent of minum 325 mwh finee declinem below 
201, the moisture content must be increamed to maintain good 
paste pumpability charactarietice. 

During the first 14 montha of operation, the coal crusher warn 
not capable of producing thm proper mize dimtribution of coal 
required for good pumpability. With the coal finem fraction 
varying from 121 to 15% through minus 325 memh, the moimture 
content of the pwte had to be maintained in the 25% to 281 
range. The additional moisture remulted in poet-bed combustion 
and cyclone firem. 

Nuwroum changem were mada to the crumher my&em to imprwe 

the minus 325 memh finall fraction without muccemm . 
Modificationa included inmtalling larger drivem, machining 
growem on the flat roller mufface, and testing several 
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different control moden. Prior to the galr turbine outage in 
March, 1992, a recycle loop wae added to the crusher. Thie 
permitted up to lOO* of the feed coal to be recycled through 
the crumher, producing the desired amount of minum 325 mesh 
fines. During the 31-day oontinuoum run in June, 1992, the 
muitability of thim operating mode wae verified. Coal pamte 

minum 325 memh finem ranged frae'l8\ to 222, and moimturo 
contents warm coneimtently maintained at 24% to 25% moimture 
by weight. 

Another significant coal paate l ymtw modification warn the 
dimtribution of pamto withintho pamta l torage tank (hourglaea 
shaped in plan view). Ae originally demigned, the pa&e warn 
fed into the tank on the l xtrane left l ide of the tank, and 

the moisture dimtribution l cromm the tank wae not uniform. 
Thiemaldimtributionouriedthroughtothe ccabumtionprocemm. 
Thethrw lefteide injectionpumpm andnorrlem maw drier pamtm 
and were more prone to plup, and the aide of the fluidixed bed 
which l aw pwto with higher moimture contente experienced more 
mignificant pomt-bed ccmbumtioa. 

In May, 1992, the coal prqmration system wee modified to 
uniformly feed prepared pwte into both midw of the tank. 

During the 3l-day run, the proper size pwte and good tank 
dimtribution romultod in minimal pump pluggagem and mow 
uniform poet-bed temperatures. 

The other modification made to the coal preparation and coal 
injection l ymtwm waewithre9udtocorroeion. ThePittsburgh 
(8 coal, when mixed with water, pkduced an acidic pamte (p8 
of 3). Thie remulted in l ignificant corromion of the coal 
mixer and pamte pumps from Number, 1990, through September, 
1991. Durinp the Fall 1991 outage, all carbon l twl l urfacem 
in the mixer and pamte pumpa were replaced with mtainleme 
mtwl, and l wm minor cwponwts were coated to p-t 
corromivm attack. To date, theae modifications have been 
l uccemmful. 
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1.5.6 Gas Cleaninc Cvclonae And Ash Removal Systems 

The gam cleaning cyclones ware designed to clean the ash- 
laden gam stream from the frwboard down to a particulate 
level that.would minimire erosion of gam turbine bladem and 
componentm. The cyclones conmiet of maven parallel stringa 
of cyclonem, each with two l tagea of cyclones, a primary and 
a wcondary cyclone. The amh collected in each cyclone is 
pneumatically tramported out of the ccmbumtor vemmel. 

Pluggage of the wcondary cyclone ash removal system resulted 
in a number of outagw during l uly plant operation from 
Dewmber, 1990, through March, 1991. 

The l wen primary and l - l econduy ash linem originally 
combined Lnto one line which trmmported the combined ash 
l trew to the cyclone ash silo. In March, 1991, the primary 
and wconduy l ymtaeu were decoupled, and the wcondary ash 
llae was routed to the precipitator inlet. In addition, 
modificationm were made to the ash linem inmide the ocmbumtor 
WSWl to reduce premmure drop and imptovotranmport capacity. 

Mter theme changes, wconduy l mh tranmport capacity warn 
8ufficient to permit reliable operation of the wcondary aeh 
l yotw. At l hutdwnm, howeve r, aah buildup in the cyclone dip 

legm would not permit restart of the unit until that ash was 
removed from the dip leg. In order to minimixe the impact of 
this buildup on unit operation, the d4p legs on all secondary 
cyclones were shortened by approximately 20 fwt by the end 

of the Fall 1991 outage. 

After the Fall 1991 outage, pluggage of the secondary amh 
symtem again impacted unit availability. In mid-January, 
1992, the plugs were found to be cawed by excemsive pressure 

drop in the wconduy ash line external to the ccmbumtor 
vwsel. The excemsive presmre drop warn eliminated and the 
l ymtw began to function properly. Operation during the Spring 
of 1992 has indicated the swondary amh removal system warn 
marginally acceptable. Plugm l tilloccuratmtart-up; however, 

theygenerallyunplug as the pre~murevem~e1premsure increaaem 
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1.5.7 Fam Tu=bLnz 

after coal fire. During the 31-day run, one cyclone remained 
plugged throughout the run. Thim warn found to be due to a 
remtriction caumed bp a foreign object. 

The operation of the primary ash removal mymtee ham been 

acceptablm, l xC@pt for a two month period in mid-1991. During 
thfm period, which l tarted in June, 1991, pluggage of the 
primary a8h removal mystan began to impact unit -ration. 
At firm& each plu9 could be traced to a l ymtan upmet, umually 
in the l orbent injection symtem. It warn thovght that the 
SymtOm upwt resulted in a temporary increams in ash to the 
cyclonem, which overwhelned the amh tranmport capabilitiem. 
Bowaver, in Septwbu, 1991, the l ymtmmwam totally di-tled 
and impacted as part of the Fall 1991 outage, Md the real 
caume warn discovmrod. During the outage, it Warn found that 
Air leahag. into thm primary l mh line flanged connection. 
inmide the ccmbumtor vemmel had l ignificMtly reduced the 
tramport capacity of thm mymtem. Therefore, the l ymtemupmetm 
maely ovmrwhelmed a l ymtw that warn operating at marginal 
capacity. 

During the Fall 1991 outage, all bolted flangem in the 
l econdary and primary l mh linem inmide the vemmel wre 

dimamsefabled Md inspected. At that timm, it warn found that 
shop fabrication flaw in the primary and l eoonduy amh mystem 
componentm remulted in l ignificant air leahage into both 
systws . The majority of all bolted flanges on the secondary 

amh lines were eliminated and replaced by welded connections. 
B-et, due to the design of the primly amh lines, bolted 
flMg@m could not be l amily eliminated. All flangem were 

rworked, and the mymtw returwdto l errrioe in December, 1991, 
with no air leakage. Air leahage continued to be a problem 
due to thermal cycling of the flange boltm. A program was 
undertakm to eliminate am many primary ash line bolted flanges 
am pommible. 

The gas turbine l aperienced a meamurable amount of l romion 
after 2100 hour. of coal firmd operation. 
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Thim erosion ham been due to operation with plugged primary 
cyclones and with one cyclone string bypameed. Am a result 
of the observed erosionm, the unit is immediately tripped when 
pluggage of a primary cyclone is detected. 

The gas turbine air leakage rate haa been higher than design, 
limiting the firing rat0 at ambient twperaturem above 60 F. 

Crach wore found in the root uea on many of the low pressure 
turbine blades in March, 1992. The cracks were attributed to 

highorderremonantoibration. Newblades, demignedtoprevent 
thim problm, were installed befdre the unit warn returned to 
n ervice in May, 1992. 

1.9.6 Wit Performance 

Unit.acceptance temtm were conducted in June, 1992, during the 
31-day run. The temtm were conducted at full bed height, with 
the maximum firing rate and bed twperature attainable. Temt 
remultm for hey puawterm ue presented in Table II, with 
demign values noted for c-bon. Thim higher firing rate 
was pommiblm due to increamed gamturbine compremmor capacity, 
at lowor ambient tanporaturm, and operationwith reduced excemm 
air. 

Firing rate during the tests was limited due to a combination 
of air delivery Md in-bedtubebundle absorption capabilities. 
The mtsam flow was impacted by both in-bed and econcmizer 
absorption deficienciem. The grosm unit output was affected 

by all of the above, plum a reduced l teax cycle Md gam turbine 
efficiency. 
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Table II: Tidd PFBC Demonstration Plant 
Full Load Unit Performance 

Tamt Number 
Teat Date :6/14/92 Design 

Unit Firin Rate, l4W 167.0 206.3 
Gromm Unit Output, MW 60.1 72.5 
MeM Bed Tmmpmraturm, deg F 1551.0 1560.0 
Bad Height, inchem 142.0 126.0 
Excemm Air, pucent 19.8 25.0 
Main Stew Flew, kpph 395.0 442.0 
Sulfur Retentioa, percent 92.7 90.0 
CA/s nolu Ratio 2.1 1.6 
Predicted Ca/S (90\ S,/l5SO F T,) 1.7 - 
A0x Emimmionm, lb/wBtu 0.17 0.25 
Cuabumtion tfficiency, percent 99.4 98.0 
5conomirmr Gas Outlot Taap., deg F 419.0 355.0 

1.5.9 m 

Am of JUM 30, 1992, the Tidd PFBC Danonmtration Plant ham 
completed war 2,100 houra of coal fired operation, while 
meeting itm environmental prfo-ce objectivem. With the 
Jl-day continuoum run, thaunit metitm reliabilityobjectivem. 
Additional temting l choduld for the remainder of the thrw- 

yeu demon&ration period will l - to ammimt in l mtablimhing 
the design bamim for future o-rcial PFBC plants. 

The main operating problemm prior to the muccemmful runs in 
1992 ware attributed to thm coal preparation and cyclone ash 
r-al l ymtemm. Our experience to datm omphamires the 
importance ofthecoalpreparation l ymtem inprovidingrelimble 
coal injection mnd proper ccsbumtion, and the importance of 
the cyclone amh r-al my&w in l nmuring mufficiently clean 
gam for gas turbine l uzvivmbility., While refineeent of all 
PFBC mymtaw will continue , the cyclone amh r-al and coal 
preparation l ymtaw will require the moat significant efforts 
for c-rcialization of thm PFBC technology. 
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2.0 PLANT DESCRIPTION 

2.1 Renowerinc Tidd 

The Tidd Plant, which warn originally corm&meion.d in 1945, warn 
retired in the late 1970'8 because it warn unable to w.t auismion 
l tMdudm. At that time, OPCa determined that it would not have been 
economicalto retrofit the plantwiththe noceemary controle to meet 
the mtmdardm. Bowovmr, Tidd ham now bwn repowered with an werginq 
cleaa coal technology. 

The old pul9rrie.d coal fired boilmr ham been replacd with a 
presmuriwd fluidiaed b.d combumtor, Md a gae turbine hae bwn 
added. The PFBC comb1n.d cycle system was used to repewer Unit 1, 
one of two 110 HWe units at the Tidd mite. 

Much of the original quipwnt hae been r8furb18h.d. The plMt'm 
l tew cycle is utiliring many of the l ximting cmaponentm, including 
the mtemm turbine generator , condeamate an@ feodwater heaterm, and 
pump- 

Many of the service buildingm, control n ymtmme, and piping eyetemm 

also have bnn util1z.d. The l ximting l tructurom for n toring and 
handling coal Md dolomite are being ueed, am well ae a 135,000 volt 
mwitchyud from which power is smnt into AEP’m tranmmimeion mystem. 

Major new eguipmantthat ham been inmtal1.d includem the preemurized 
f1uidir.d bmd ccabumtor andrelat.dcomponentm (including the boiler, 
bed amh reinjection l ymtar and cyclones), the gae turbine, coal Md 
morbent preparation Md injection l ymtmme, the econwizer, the 
elec;fromtatic precipitator, amh -val Md dispomal l ymt.em, and 
electrical componontm (including tranmformare Md mwitchgeu). It 
also ham bwn necessary to conmtruct new foundations, buildings, 
and piping Md electricalsymtemm n..d.dto int.gratethe PFRC l ystw 
with the balance of the plsnt. 

The new PFBCpower imlsnd, which includes the combumtor, gas turbine, 
and coal and morb.nt eymtamm, is loaded in a new building next to 
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the wall of the original Tidd Unit 1, in one of the original ash 
ponds. 

The new economiser, l lectromtatic precipitator, amh miles, and 

electrical control building arm located neuby. This layout allows 
rbaximum use of l ximting Tidd facilities. 

2.2 Tidd PPBC Power ISlMd 

The Tidd PFBC Dawnmtration Projeot is the nation'm firmt PPBC plant 
to operate in a true ccmbined cyclm mode , with both a gas turbine 
ad a Steam turbine generAtiOn l le&riCity. Tidd'm new PFBC power 
island, which ham been incorporated into the l ximting conventional 
l temm cycle, ham a l temm flow of about 400,000 poundm per hour at 
1300 pmia and 925 I, and a prow electrical output of 60 MU0 (47 MWe 
from the mteam turbine mnd 13 MWe from the gas turbiam). 

The Tidd Plant will demonstrate a premsurieod bubbling fluidiaed bed 
operating at about 175 pmia. Premmurised combustion air is supplied 
by the gam turbine. In the caabuetor, air fluidieem and entrains 
hd materials oonmieting of the fuel (coal-watar pamte), coal ash, 
and dolomite morbent. 

2.3 Cvcle Dee- 

2.3.1 Heat Balance 

The demign full load heat balances for the gas side and the 
stew mid@ of the combined cycle us shown in F&rem 3 and 
4, rempectively. Thm figures mhow the expected performance 

of the unit at 1008 load, 59 F ambient air temperature, Md 

601 a&lent relative humidity. 
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2.3.2 Cwle Confiouration 

The PFBC island wa# incorporated into the existing Tidd Unit 
1 conwmtional *team cycle. The Tidd Unit 1 steam cyclm ia 
a 1940's vintage cycle, with original steam conditions of 
900,000 lb/hr steam flow at1300 psia and 925 F with no reheat, 
which producmd UI electrical output of 110 MW at a cycle 
l ffioimoy of 31%. Fm configured for PFBC operation, thoplant 
has a duiga stoam flow of 440,000 lb/hr, at 1300 psia and 925 
F, which producu a groan dutrical output of 57 NW0 from tha 
l team turbine, and 15 HWe from the gas turbine, with a net 
eye10 l ffic~oncy of 34a. 

2.3.3 v 

Ambient air onterm the low prmmre compressor m&ion of the 
gas turbinm md ia compresfmd to 59 psfa. The compressed air 
is cooled by condomate in the gam turbine intucoolu. The 
air then ontom thm high proslure cwprmssor, whum it ia 
furthu comprmuad to 174 pmia and 572 F (Figure 3). 

The hot oompromod air is thm dirmotmd through thm out-r 
annulus of a coaxial aidgam pip, and then into the prmmmum 
crrmml. Onom lnmidrthr prmmure vomml, the hot air is routed 

through a l oriom of intern81 cyclone amh coolers, where the 
air ia further heated before it ia directed into the fluidized 
bed via a ayetam of eparge ducts. 

In thm fluidired bed, coal-water pa&e (25* by weight nominal 
water content) fm burned at a tunperaturo of 1540-1560 F. The 
l orbont im injected late tM bed via a pneumatic syatmm. For 

thm 3.4* aulfur Pittsburgh 16 design coal and 90s sulfur 
mtmntion, the full load design calcium/mulfur molu ratio im 
1.64, when using dolomite am the morbmnt. 

Mtu leaving thm fluidimd bed zone, thm hot gamms and 
entrained amh puticlms l nter thm frmboud zone, wham thr 
exc~m air content is controlled to about 25*. The hot gases 
and entrained amh then pamm into seven parallel se+ of 
cyclonu, oath with two cyclones in a l rrirs. Thr cyclones 
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are designed to remove 99\ of the entrained aeh from the gas 
strew. The gas ie cleaned sufficiently to pass through the 
gae turbine without daleterioux erosion of the gas turbine 
components. 

After mxiting thm cyclones, thm gam in collmctmd in a manifold 
and exitxthm prmmmure veeeel at149 pda. Thm gee ie dirmcted 

through thm inner pipe of the coaxial pipe, pact the hot gee 
intercept valves, end into thm high preeeure gee turbine at 
1525 r and 146 psi& 

Thmre thm hot geeee arm expended through thm high prmeeurm 

turbine. The gee then l ntmre the lcu pressure turbinm whmre 
it ir further l xpendmd, end is cooled to 350 F in the turbine 
mxhauet gas mconomirmr. 

After the mconomirer, thm gas enters thm l lmctrostatic 

prmcipitator, whmrm it Lm furthmr clmanmd to mmmt thm 8mw 
Sourcm Perfo-cm Stmdudm (RSPS) for perticulate of 0.03 

lbdmillion Btu kform king mmittmd to thm etmoephorm vie the 
Cardinal Unit 1 flum gee steck. In tmeting at Tidd to d&m, 
the gee etrmam hes l xhibitmd particulate lmvels on thm ordmr 

of 0.01-0.02 Wmillion ntu. 

2.3.4 Stmw Cvelm 

The steam cycle (Figure 4) ia a Rankine cycle, with a once- 
through Benson type boiler. Condeneatm from the condeneer is 
hmeted from 74 ? to 259 ? in three stagms of low prmssure 
heatmrs and the gee turbiam intmrcoolmr as it is punped to thm 
dmaerator by the hotwell and condmnwte booster pump‘. Fran 

the dmaerator, the feedwatmr is preseurizmd by thm tank pumpe 
to 617 peia, and furthmr hmatmd to 295 F by thm n ingle high 
prmeeurm heatmr bmfore king fmd to the l uction of the 
feedwatmr pump. Thm flow ie furthmr pressurirsd to 2038 pmia 
by thm feedwetmr pump, end dismct@ to the mconomizer whmre 
hmet in the gee l xitiog thm gas turbine further preheats the 
femdweter to 485 ?. ?rw therm, thm fmmdwator im routmd to 
thm pressurm vessel and enters thm boilmr et 475 ? end 1666 
ph. 
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Thm fmedwater entera the boiler bottom, which fa comprieed of 
the walls of the two aeh hoppers. After passing through the 
boiler bottom, fluidired brd, and freeboard wall enclosurea, 
it l nterm the in-bed evaporator eurface where boiling OCNLIS. 
Steam, which ia two phase up to about 402 load and alightly 
auperhmated at full load, is conveyed to the vertical 
l mparator. At lower loads, the water from the smparator is 

recirculated through the boiling surfaces with the aasfstance 
of a circulating pump. Thm steam from the separator then 
mntmrm the in-bed primary l upmrhmatmr. From the primary 
superheater outlet, spray l ttmmpmration is usmd to control 
final steam tsmperature mxiting the boilmr. From thm 
attwpmrator, steam is dirmctad to thm in-bed secondary 
superheater, and then exita the boiler at 1335 psfa and 925 
F. 

During start-up and in the event of a ateam turbine trip, a 
501 bypams sydxm to thm condenser and a pressure control 
valve to atmoephere eerveto dispose of thm mxcmss l tmam whilm 
controlling the boilmr prmmmurm/tmmpmraturm dmcay, and 

prmsmrving as much of thm trmatmd water ae practical. In thm 
event of a loee of plant pwmr or loss of thm boiler femd pump 

during opmration, a backup feedwater aymt- is 4140 provided 
to maintain water flow to thm boflmr circuita mxposmd to the 
heat contained in the slumped bed. 

2.4 PFBC Systems 

Onm of thm kmy objectives of thm Tidd Deewnatration Projmct fa 

4uCC4S4fully scaling up thm PFBC eyetem from pilot plant aiae to the 
200 MWt Tidd Plant. The 15 MWt int4gratmd pilot plant, located at 

thm PFBC canponent Teat Facility (CTF) in Swmden, was designed to 

tmat componmnts, process variables, and control eyetemo at near 
c-cial l izm. The tmating performed at thm CTF haa enabled AEP 

to verify the deeign conditiona projected for the Tidd PFBC 

Dmmonetration Plant. 
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2.4.1 Presavre 

A ningle cylindrical prm44ure weasel containa the boiler, 
cyclonea, cyclone ash coolmrs, and bed ash rminjection ay4tem. 
This arrangwent allows the component6 within thm veasml to 

be designed for a relatively low differential pressure, mven 
though the process prmsaure is relatively high. 

The prmasure vessml is l eternally insulated mad is dmaignod 
for internal operatirig condition4 of 690 P and 170 psia. It 
consists of 4 vertical cylindrical shmll about 70 femt high 
and 44 feet in dimtmr, with l lliptical hmada. 

The pressure vessml heada include rwwablm seroiom openinge 
that allow for the ranoval of intmrnal caoponenta. In 

addition, iateraal and l xtmrnal l ervicm platfornu, lifting 
dmrfcms, mad ucems doors ue provided to permit sen&ze and 
maintenance of both thm intmrnal and l xtmrnal systems. 

2.4.2 p?BC Boilmc 

Thm PFBC boilmr l nclosurm is dmsigned with dranm water wall 
construction. At aox~~l opmrating loada, thm boilmr ia 4 

subcritical, once-through unit. Thmre ue three major smctiona 
in the boiler-the boiler bottom, the bed zone, and thm 
freeboard. 

The boiler bottom consist4 of fluidking air ducts arranged 
on top of 4 pair of nwmbr4nm water wall hoppmr4. The hoppers, 
which ramin full of aah during operation, direct thm spent 
bed to thm bmd ash xm~oval l ystw. 

The bed zone ie deeignmd l e 4 dmep (11.8 f-t), tapermd, 
fluidirmd bed in which thm supmrheatmr 4nd evaporator 4mctioaa 

are subwrgmd. At full load, all of the mvaporator mad 
l uperhmater surfaces are submrged within the bed. At rmducmd 

loads, thm bmd lml ia lowar, thereby l posi.ng portioas.of 
ths l urface. Thm l urface abovm the bed conveotively cool4 the 
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gamma feeding to the ga8 side becauee the convective heat 
transfer ratea arm lower than those within the bed. 

In the freeboard oection, excesm air in the hot gaa ia 
controlled to about 25%. Thm freeboard ia efaed to minimize 
the elutriatioa (separation) of fly amh by the gas flow, and 
ie internally inaulatmdto cut hmat loam on the way to the gae 
turbine. 

2.4.3 Bed Aeh Reiaiactioa Svetem 

Bed level isthemaincontrolliag parameteriathe P?BC boiler. 
Thebed aeh reinjection ayetem permita rapidchangm in the unit 

load by traaaferring bed material to and from 4 pair of 

reinjmctioa vmaoels located fnafde thm co&u&or preaeure 
vmaeel. Special handling dmvicem are used to admit bed 
material stored in the reiajmotion vmsaela into the bmd, thus 
incrmaaing load. To dmcreaem unit load, bed material ie 
pneumatically traasprted from the bd to reinjmctioa vessels. 

Aix from thm comhustor pressure vmssel traaaporta the bed 
matmrial to aad from the retajmctioa oemmmls. Thm truroport 

air flow fa separated from the ash mad veatmd outsides the 
combustor into the main combustion flum gas. Thm rmia jmctioa 

vmmmelm arm normally at the same prmmmure am the boiler; 
however, during load dmcrmammm , they arm at a alightly lower 
preeaure. 

2.4.4 Aah Removal Svstem 

FLne amh, colle&ed in the cyclonesr is continuously removed 
by 4 pneumatic tranmport systw. The ash im cooled mad 4 

portion of the heat im recovered in the combumtioa air. 
Depremmurizatfoa rmquirem no lockhopperm or valvem. 

Crurulrt bed amh im coatiauoumly r-ved by gravity from the 
boiler bottan hoppmrm in order to maintain the desired 
fluidized bed level. Two p4rallml lockhopperm, each l mrving 
one of the bottom hoppers, are filled and esnptied 

independently. When full, the lo&hoppers are depremmurized 
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3.0 TEST PLAN 

Thm overall objectivm of thm Tidd teet program is to prwidm the 
data base and experience to be applimd to the dmtailed dmmign, 

operation, control, urd m4iatmaurce of large l cale comaureial PFBC 

combined cyclm planta. 

Thm major goalm of thm temt program -t 

. To dmastratm that 4 gas turbinm opmratmd in 4 combined cycle 
mode EM operatm for 4n l ccmpt4ble life bmtwemn rebuilds, have 

accmpbble l vail4bility, and bm easily coatrollmd. 

. To de4mastratm in-bmd tube bundle su&-?ivrbility. 

. To demonmtrate that PFBC can achimve auismioa levela bmtter 

than thm roquirementm of thm Clemn Air Act. 

. To invmetigate thm c-rcial petmatial of PPBC amh. 

. To demonstratm that PFBC fm 4a mcoaomic l ltmraative to 

pulverized coal-fired plants with flum gam demulfuriaatioa aad 
other clean coal technologimm. 

These goala will be accomplishmd through data collmctioa and tmmtm 

to demonstrate: 

. Scab-up to demoamtration plant Arm. 

. Cparability of combined cycle systemm under stmady state and 
dynamic coaditioaa. 

. Cptimirmd procmms ~rformancm over thm op4rating r4ng4, 
including pmrfo-ce of vuious canbia4tioam of ~~1s 4ad 

sorbentm. 
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. Equipment hrformanoe, including operating data over the load 
rmpe, eromion- chuacterimticm of PFBC componenta, and 
developmnt of a RAM (reli4bility/avail4bility/m4int4in4bility) 
data bame. 

. Dynamic mystemm response, including load following. 

. Operability under blackout or trip conditions and othmr off- 
normal opmratiag modes. 

3.2 Test Schedule 

Tab10 3 prwides the echedulm for the Tfdd temt program. 
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Table III: Tidd PFBC Demonetration Plant Test Schedule 
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4.0 PLANT OPERATIONS 

This me&ion provides a narrative of the individual operating runa from 
October, 1990 through Septwbmr, 1992. Section 5 providem 4 aunrm4ry of 

the specific teata accomplfmhed during this time pmriod. 

4.1 Ouerationm Durina Pirmt Quarter. 199% 

Thm unit warn operated on 15 occasions at bed levelm up to 95 iachmm 

for A total of 376 hours (including gam turbine prewarming). The 
gam turbiam, fuml handling, bed ash removal, and othmr combumtor 
auxiliary mymtmmm, 4s well am all mximting Tidd mymtemm, functionmd 
well with only minor problemm. 

Temperary modifications wmrm made to improvm performancm of the 
secondary cyclone amh removal mymtem. Purge air warn added to the 
cyclone bellows boxea, q ectioam of the internal amh coolerm were 

bypammmd, the l xternal coolmr warn eliminated, and thm amh dimcharge 
relocated to the gam turbiam outlmt. 

Nummrous problemm were experienced with valves and feederm in the 
morbeat injection mystem. rwder probl- warm corrmctmd and mome 
ralvem ia the n ymtm worm mlated to be replaced for reliable 
operation. 

The finned tube economizer experienced fouling with aah deposits. 

E%tmnoivetuaing, adjustments, andmodificationowermmadetoenhance 
controls. Stemm generator vertical separator level control warn 

especially trouble-. 

Unit load was limited to 95 inch bed level due to secondary 

combumtion in the frwboud and cyclones which caumed cyclone and 
gas turbine tmraperaturw to approach design limitm. 

An additioaal improved data acquimitioa aystem (Plant Operations and 

Performance Symtmmm - POPS) warn iamtallmd to mnhancm oper4tion4l 
monitoring of the unit. 
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4.2 Owrations Durino Second Ouarter. 1991 

The unit was fired with oil or coal on 13 oocamionm at bed lmvmlm 

up to 126 iachmm for a total of 457 hourm. WmxFmum bed hmight of 
126 inches was rmachmd for the firm+ time at 07tOO hourm on April 

21, 1991. Boiler injection on 1046 of fwdwatmr flow warn tmmted 

l uccemmfully on nay 18, 1991. The gas turbiam cleaning with 
Carboblamt was used for thm first time on thm LPC oa Junm 2, 1991. 

The econamizmr warn wchanically clmanmd mad two mootblowers were 

inmtallmd to clmm thm tubms on 4 routine bamim whilm thm unit is 
operating. 

4.3 gDmration@ Durina Third Cuutmr. 199x 

Thm unit was operated for 4 total of 391 hourm (including gas turbine 

prow-ing). Thmrm wmre nine' gaa turbine startm, l even bed 
prmhmating l tartm, mad five opmrating pmriodm with coal firm. Thm 
pmak gross hourly output of 39 MWE warn from 04x00 hours to 05100 
hours on Smptwbmr 7, 1991. The longmmt coal firm was 109 hours 44 
miautmm, l ndiag at 16t39 hourm on,Augumt 13, 1991. 

Temting warn done and data takmn at differmnt bed levelm for B&W 
l urfaom l valuation for thm addition of heating l urface. 

Some parts of the coal paste preparation system and the coal 
injection symtem have exhibited signs of corrosion/erosion during 
thim pmriod. Thmmm problanm have been l ttributmd to thm low pE of 
thm coal pamte mixture. 

4.4 Ooerationm Durfna ?ourth Ouartet. 199L 

The unit warn operated for a total of 111 hourm (including gam turbine 
prewarming). There wmrm thrw gas turbine l tarts, l levea bed 

preheating startm, aad two operating pmriods with coal fire. Thm 
peak gromm output of 41 MWB was for thm pmriod of 12100 hourm to 
13100 hourm oa Dmcwber $a, 1991. The longest coal fku was 24 
hours 24 minutmm, ending at 03104 hourm on Dmcanbmr 19, 1991. 
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4.5 Ooeratioae Durina First Quarter. 1992 

The unit warn operated for 4 total of 633 hours (including gas turbine 
prowarming). There were eleven gas turbine mtarta, eleven bed 
prmheating l tarts, and niam operating periodm with coal fire. The 
peak grosm output of 69 MwR warn for the period of 0O:OO hours to 
01x00 hourm on JMUW 16, 1992. The longest coal firm was 154 
houra 7 miautem, ending at 10859 hours on January 10, 1992. 

4.6 Cumrationm During Second Cuarter. 1992 

The unit warn opmrated for 4 total of 606 hour6 (including gam turbine 

prewarmiag). There ware two gam turbine atartm, thrw bed preheating 
n tartm, and thrw operating pmriodm with coal firm. Thm pak gromm 

output of 68 MWE was for the period of 22:00 hourm to 23rOO hourm 
on June 12, 1992. The loagemt coal fire warn 510 hourm beginning at 

16x00 hourm on Junm 9, 1992, and thm unit warn still in mmrvice at 
the mnd of thm quarter (740 hourm at shutdown on July 10, 1992). 
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5.0 TESTING AND DATA COLLECTION 

After the initial unit opmration and shakedown, tests were conducted to 
determine procms.es aad mymt4m performance at thm Tidd Plant. Theee temte 
included: 

. Iaitial performance Temts 

. Environmental Compliancm Test 

. Contract Accmptancm Tmmts 

. Splitting Air Symtem Testm 

. ?remboud Injection Symtw Tmstm 

Thie l ectioa provides murmur ies and conclumioam of these testa. 

5.1 Initial Petfonnance Teste 

Tests were run to l valuatm thm pmrfonnancm of thm Tidd Plant and thm 
validity of thm tmmt procedurmm. Theme tmsts wmrm rua prior to thm 
addition of tube murface to thm bmd. 

On Junm 25, 1991, fran 14130 to 20830 WT, tmmt 190. 1 warn conductmd 

at a bed height of 126 inchem and maximum heat input. Thm fixing 
rate warn 74.56 of demign full load. 

On August 9, 1991, from 16135 to 20:35 WT. tmat Wo. 2 wae conducted 
with the unit operating at bed height of 76.0 incham and 4 firing 
rate of 49.2\ of de4ign full load. 

On Augumt 12, 1991, from Oar45 to 13100 WT, tmmt No. 3 warn conducted 
with the unit opmratiag at a bed hmight of 90.2 inches and 4 firing 
rate of 57.66 of dmsign full load. 

Babcock Md Wilcox (BGW) 4140 collmctmd data during temt No. 2 and 
No. 3 to rmdeaign the tubm surfacm. 
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5.1.1 Sulfur Retention 

Calculated Ca/S for 90% mulfur capture wao ne4r design during 
tent No. 1, when Pittriburgh B coal Md Plum Run dolomite were 
fed in 4 normal mode. 

Sulfur retention during teat No. 2 wao lemm than 90*. During 
Test No. 2, sorbent feed ratm warn hmld low ia order to prevent 
pluggmd cycloaem. 

During tmmt No. 3, th4 l orbent warn N4tioaal Lime No. 57 
dolomite (1 inch by 4 mmsh) vmrou4 thm Plum Run dolomitm u4ed 
previously. The l orbent prep4ration 4y4tem vendor had 
requested that the performance sorbeat be u4ed during 4yatem 
acceptancm testing. Borbmnt size fed to the brd'w44 larger 

thur norm41 due to 4 broken mcreen in the sorbeat preparation 
system. 

T4blm IV: Tidd PFBC Dawn&ration Pleat 
Sulfur Rmteation During Prmlimin4ry Temt4 

Tmot Number 
Tmmt Date i/25/91 L2/91 %a 

Sed Xavml, iachem 126.9 90.2 76.0 
Mean Bed Temperature, P 1535 1530 1531 

SO, in Flue GAB, lb/annBtu .32 .53 .a9 
NO.. in Flue Gas, lb/&tu .25 .31 .2a 

Sulfur Retention, percent 94.0 90.0 85.2 
ca/c3 Molar Ratio 2.3 3.3 2.1 

Predictmd cm/s (9Or/lsSO P) 1.69 2.98 2.25 
Dmsiga Ca/S (90%/15SO P) 1.64 1.95 . 2.12 

5.1.2 Combuetor Perfonnancq 

Combustor performance warn fair. The combumtioa efficiency warn 

lower than the full load design combustion mfficieacy~of 99.01 
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The low combustion efficiency during test No. 2 ~44 due to 
high unburamd carbon loss. The unburned cubon loss was 2.3 
percmntage pointm (ppts.) vmrsum an unburnmd carbon 1044 of 
1.3 ppts. during prmvious tests. Thim could havm been caused 
by a cyclonm amh sample that warn not reprmsmatative (c4rboa 
in cyclone a4h warn 5.6%). X0 at thm freeboard declined ovmr 

the te4t period. 

Hmat input was United by iamufficimat l urfacm uma for heat 
tranmfer in thm bed. 

Tablm V: Tidd P?BC Deeoastration Plant 
Combustor Performance During Prmliminary Temtm 

Tmmt Number 
Tmst Datm i/25/91 L12/91 k¶ 

Piriag Pate, MWt 155 120 1op.3 
Combumtion I!fficieacy, 

percent 98.6 98.8 98.1 

Excemm Air, pmrcent 32.8 60.1 59.4 

?mmdwatmr ?low, hpph 328.5 247.0 Pg.1 
Pmedwatmr 

Tmeperature, ? 478.0 444.5 a.7 
Fwdwatmr 

Prmmmurm, psi4 1593 1579 1533 

Uain Stew 
TemparatUree ? 925 925 925 

Win Stmam 
Pressure, psi4 1324 1283 1285 

Attemper4tiOn ?low, hpph 10.7 a.7 a.4 
Attmmperation 

Teepmraturm, ? 297.4 302.6 237.3 

5.1.3 Gas Turbine/CcaIurmeeor PerfOQ))&Igp 

The gas turbine and ,c-mmsor performance was mvaluatmd. Thm 

leakagm flow warn calculatmd from l nmrgy balancmm on thm 
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combumtor and the gas turbine. The calculated leakage is 
approximately three tines origiaal design. 

Tablm VI: Tidd PPBC Demonetration Plant 
Gas Turbiae/Compremmor Output During Preliminary 

Tests 

Temt Number 
Temt Datm 

Gas Turbinm Output, MW 
Air ?low to EPC, klb/hr 
Air F'low 

to Combwtor, klb/hr 
Air Leakage, percent 

i/25/91 

11.4 
625.3 

543.2 
13 

:/12/91 

6.3 
574.9 

506.7 
11 

i%¶ 

3.7 
439.8 

426.3 
14 

5.2 Environmental Comrrliaace Test 

Oa February 7, 1992, a mmriem of tmmtm wmrm run to determine 
compliaace with SO, and WOO, emimaioa limitatioam and to determiam 
msufssioam of CO and particulatm from thm mlectromtatic preoipitator. 
Testing warn pmrformmd by Ravironmeatal Source Samplers, Inc. The 
followiag remultm were reported: 

Table VIIr Tidd PIBC Demoamtratioa Plmnt 
Bnvironmeatal Compliance Tom+ Rmmultm 

Unit Conditions 
Average Heat Input 
Cam Temperature 
Stack 02 
Stack CO2 
Unit Output 

179 Ilwt 
415.1 F 
6.1* (dry) 
13.1% (dry) 
29.6 MW 

Tmmt Remultm Average Emiasionm Pmrmit Limit 
so2 0.5067 lb/umBtu 0.511 lb/lmaBtu 
NOX 0.2379 lbhmnetu 0.5 lb/nxnBtu 
co 0.0008 lh/mmBtu 0.01 lb/mm8tu 
Particulate 0.0192 lb/umWzu 0.03 lbhnatu 
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Tasting at the inlet of the economizer was aleo performed in order 

to determine the dust loading to the gas turbine. The calculated 
gas mamcl flow ratm warn l rtreeely high during this test also. The 
duet loading ~44 determined to be 350 - 480 ppr weight during theee 
tecrta. 

5.3 Cantract 

Perfo-ce tests No. 6 Md No. 7 were run on June 14 and June 15, 

1992, to determiam the perfo-oe of the Tidd Plant rmlative to thm 

contract goalm and guuMtwm. 

5.3.1 Descrintion 

Thmmm tests wmre conductmd during thm JO-day reliability run. 
During the 30-d.y period from 6/10 to 7/10, the unit operated 
at 4 capacity factor of 69.41. Thm load factor forthim period 
WAS al.ot. A loo-hour full load l nduraace rua warn alma 

completed during thim mart-up. Follwing succmesful 
caoplmtion of thm objmctfves of the run, the wit warn r-md 

from l ervicm for inmpmctioas. 

Tmblm VIII: Tidd P?BC Dmmonstratioa Plant 
Run Parammterm - TD-W-92-09-01 

Start Date (2nd coal fire) 
Start Time (2nd coal fire) 
Total Cm4 Turbine Operating Hours 
Total Coal Fire HourI) 
loo-hour Enduraace Run Coeplmted 
30-day Rmliability Run Complmtmd 
Capacity Factor 

06/09/92 
la:00 
782.5 
748.0 
W&2 

69.4t 

On the morning of June 13, egg sintmrs were found in the bed 
amh. Thin was attributed to operating with low mplitting air 
flow oa June 13. 

On June 13, firing rate was. set at 22800 EST Md &ta 
collection was begun.' Data collection was stoppd at 06rOO 
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on June 14. The process data evaluated for the first teet was 
collected between 0O:OO and 04:OO on June 14. 

On June 14, data collection wall started at 22:00 EST. The 
unit firing rate wae not set until 00~00 becauee Operations 
wa8 trying to match the unit conditione (air flow) from the 
previous night. Fiqing rate was 1.4 percentage points lower 

then the previou8 test duo to a 3.2 ? increase in ambient 
tmperature. The procrsm data evaluated for thm meoond test 
warn colloctmd between OOrOO and 04rOO on June 15. 

ASTM coal samples were obtained ovary two hours during the 
temt porioda using the automatic (Tama) mmpler. Sorbent 
l mplom were obtained in twelve-hour ccmpoeites, beginning 

approxiaxately twenty-four hour8 beforetheteetperiodm began. 
A grab l mple of coal paste was obtained for moisture analysis 

w~rytwo hours during the test periods. Bed aeh samples were 
obtained in two-hour composite8 between eight and twelve hours 
after the test perioda. One cyclone aah l mple was obtained 
from the rotary unloadw jumt following the teat perioda. 

The amh split wa# determined during the duet loading tests 
conducted on June 23, 1992, yielding 42.51 of total aeh as bed 
amh and 57.5% am cyclone amh. 

5.3.2 Performance Goals and Guarantees 

The prrfo-cs of the unit compared to goal and guarantee 
parameters is stumar iredbelow. The unit met all performance 
guarantees except gas turbiao MW output. The maximum heat 
input warn limited to approximately 93\ of original full load 
design by tha air available for co&u&ion and by ga# turbine 
inlet temperature limitation 'due to boiler performance. 

Fram a test conducted 6/23/92 with mix cyclone wtringe in 
l UVb*, the duat loading to the gas turbine warn 313 ppn, 
veraus a goal of 250 ppa. It is calculated that dust loading 
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l!ablm IX: Tidd PFBC Demonstration Plant 
Pufo-ce Coals and Guarantees 

Performance Guarantees 

Test hmber 

Cam Turbine Output, WW 
Wain Steam Temperature, 
C&S at 9Ob Sr/s 
wox mliufonm, lb/mBtu 
canbu~tion 

Efficiency, pucont 
Carrutod Water Sida 

Pramsure Drop, psi 

Pufo-co Goah 

Gu Side Proomure Drop, 
Gas Turbine Apparent 

But Rate, Btu/kwh 

6 7 Goal Guarantee 

13.2 12.5 16.8 15.0 
F 923 922 925 925 

1.82 1.93 1.64 2.00 
O.lB 0.15 0.25 0.60 

99.4 99.3 - 98.0 

557 558 646 667 

p8i 24.1 24.5 24.0 

49187 51122 42200 
Bconanizer Gas 

Gutlot Tanperature, F 419 419 322 to 355 
Uean Bed Tmperature, F 1550 1532 1560 
Gas Flow to EPT, kpph 651.2 647.3 719.0 
Gas Tamperaturm to EPT, F 1541 1520 1525 
Axcom Air, percent 20.1 21.3 25.0 
Air Flow to Combumtor, kpph 593.0 595.3 655.2 

with me-en cyelonm l tringm in menice would be higher duo to 
durouod cyclone inlot gam velocitiom. 

5.3.3 proceu Thermal Performance 

Unit heat input was limited to approximately 93% of the 
original design value of 206 Mt. Although air flow to the 
compremor was at the full load domign value, excemm leakage 
(12.3% calculated vormum 4.4% dosign) cawed a reduction in 
air flw avail&lo to l umtaia combustion. During the taste, 
the low prwmre caopremmor l pwd warn 100 RPM below the 
operating limit of 5650 API& and the guide vane‘ could have 
been opened to increaoe air flow slightly. Air flow warn not 
further fncroamed bocause the high premure compromor outlet 
tompuature warn at the mot point value of 572 F (alarm 590 F, 

trip 610 F), mdtho iatucoolu flow control Volvo warn at 1OOI 

T=n. (The intercoolmr hoat duty warn 19% above design.) 
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A bed temperature of 1580 F and 78 more air to the bed would 
be required to achieve full load at 20% exceem air. It ia 
possiblethatthe air flow could be achieved at reduced outside 

air temperature (lee.6 than 30 F). It ia also likely that gas 

temperature limit* wouldbe encountered at thin bedtemperature 
beform reaching a firing rate of 206 MWt. At a bed temperature 
of 1540 F in thm redesigned bed, it is likely that the bed 
would not ba able to transfer sufficient energy to the steam 
sidmj that is, the bed is Still undersized. 

Table X: Process Performancg 

Test Number 
Test Date &76/14?9L 06/1:/9& 

Bad Level, Inches 142 136 
Mean Bed Temperature, F 1550 1532 
Mean Frmbaard Temperature, F 1557.1 1539.5 
Freeboard Oxygen, Percent Wet 3.3 3.4 
Exceme Air, Percent 20.1 21.3 

126 
1580 
1549.0 
3.8 
25.1 

Firing Rate, MW 194.3 187.3 206.3 
Firing R&e, Percent 92.2 90.8 100.0 

Gas Turbine, l4W 13.2 12.5 15.4 
Air Leakage, Percent 12.8 11.8 4.4 

Steam Turbine, Mii 47.0 46.1 57.1 
Steam Flow, klb/hr 395.0 390.0 442.0 

Gu Temperature to Stack. F 419 419 352 
Unit Heat Rate, Btu/kwh 10803 10905 9708 

Paste Flow, lbm/hr 68400 67500 72924 
Paste Moisture, Percent 25.2 25.3 25.0 
Sorhnt Flow, lbs/hr 20928 22049 18882 
Bed Aah Flow, lbehr 10533 10959 10741 
Cyclone Aeh Flow, lb&u 14251 14826 13943 

Feedwater Flow, klb/hr 375.4 373.5 
Feedwater Tmperature, F 456.5 454.7 
Feedwater Premmure, psia 1726.0 1724.0 
Attmperation Flow, klb/hr 16.7 16.5 
Attempuation Temperature, F 299.7 300.0 

426.1 
485.1 
1889.3 
15.5 
298.9 

Main Steam Flow, klb/hr 395.1 389.9 441.6 
Main Steam Tanperature, F 923.0 922.0 925.0 
Main Steam Pressure, paia 1324.0 1324.0 1334.8 
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5.3.4 Air Leakaae 

The air flow bypamsing the combustor was determined from the 
meamred change in oxygen in the gam stream between the 
freeboard and the economirer inlet. During the teat periods, 
the werage leakage warn 12.3% of the calculated air flow to 
the high preeeure compressor , versus a design value of 4.4\. 
In order to determine the site of tlu air leakago, ABB Carbon 
installed a met of teat the-ouples around the high prewure 

gas turbine and iatercopt valve. 

The gam tmperature to the intercept valve was measured by 

proceas inet-ntation and bytemt inet-ntation installed 
by ABB Carbon. The test inmtrumentatLon indicated 9am 
tempuaturem 85 F higher than the procem inmtnmentatlon. 
Thie could be due to air leaking in around the process 

thermocouple or due to conductive cooling of the the-ouple. 
The proceu indication also varied more than the teat 
inet-ntation during the tomt period. This could have been 
due to amh alternately covering the thermocouple and breaking 

off. 

5.3.5 ~viromental Performance 

The environmental porfo-ce oftbe unit wan good. tmimaions 

were well within the permit limitationn during the test 
periods. 

Test lhmbOr 
Temt Date 

SO2 Emimmiom, lbm/mBtu 0.36 0.36 0.52 

NO, Emimmionm, lbs/nmBtu 0.18 0.15 0.25 

co, Bmiuion~, lbhmnBtu 213.3, 212.2 206.1 

Q§& 

7 

96/15/g& E!?sm 
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5.3.6 gorbent Utilization 

Sulfur capture versus demipn ia tabulated below. The calcium 
to l ulfur molar ratio wa8 predicted at 90% sulfur retention, 
951 l lfur retention, and at the design bed temperature of 1580 
F, using the following correlation developed at Grimethorpe: 

R-l- .xp(-mC) 
whom R - l ulfur retention, dimenaionlees 

m - A l l xp(-3500/Tbed, deg K) 
A = constant, aorbent reactivity 
C - e~lcium to l ulfur molar ratio, dimenmionlems 

Sorbent Utilizatfon 

Ted l&.mber 6 7 
Test Date 06/14/91 06/15/91 Desion 

Sulfur Retention, Percent 92.6 92.9 90.0 
Te8t CdS 2.05 2.21 

Mean Bed Terature, F 1550 1532 1580 

08/S corrected for 901 Retention 1.73 1.75 1.64 
at 1580 F (Predicted) 

It haa been theorizedthat the eorbent distribution in the bed 
includes regiona of high concentrations of sorbant finea. This 
could be men am morbent Wplummm," which could result in moat 
of the Sorbent finem leaving the hod without reacting. This 
theory l - to be aupportad by the analysfe of the cyclone 
aah l mplem. 

5.3.7 Gaa Turbine/Comraesor Parformancq 

The gamturbine did not meet the guarantee output of 15 MW. 
Lt im likely that, even if air leakage and firing rate were 
at design, it would not br pomeible to meet the guaraatea 
output. 
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Table XI: Gas Turbine Performance 
Test Number 
Temt Date 06/:4/91 

7 

06/15/91 Desian 

Gag Turbine, MI 13.2 12.5 15.4 
Air Leakage, Percent 12.5 11.6 4.4 

LPC Inlet TaUperature, F 59.6 62.9 59.0 
LPC Cutlet Temperature, F 355.5 363.3 345.4 
LPC Outlet Pre8eure, pmie 57.3 57.6 59.3. 

LP Shaft Speed, RPM 5526 5585 5364 

EPC Cutlet Tempuature, F 

XPC Cutlet Premmure, pmia 

HPC Inlet Air Flow, klb/hr 
(Indicated) 

571.6 573.1 572.0 

174.9 174.0 174.0 
680.0 679.6 675.6 

EPC Inlet Air Flow, klb/hr 
(calculated) 

676.5 669.8 678.6 

Air Flow to PV, klbhr 

Int. Valve Inlet Tempwature, F 

(Temt Data) 
Indicated Int. Valve Inlet 

Temperature (Indicated) 
EFT Inlet Tempuature, F 

(Test Data) 
BPT Inlet Premmura, pmia 
LFT OutlOt Tmpuature, F 

LFT Outlet Premeure, peia 

Intercooler lieat Duty, In 

589.6 589.3 645.7 

1540.5 - 1535.3 

1455.5 

1527.9 

150.8 
738.0 

15.3 

4819 

1403.5 - 

-- 1525.6 

149.5 145.5 

726.0 761.9 

15.3 14.5 

5001 4138 

5.3.8 Dumt Loadina to the Gas Turbine 

Temting to determine the duet loadin to the gam turbine was 
performed on June 23, 1992, by &M.ronmenthl Source Samplers, 
InC. Their preli&nuy remultm indicate that the duet loading 
to the gas turbine wem 313 ppar versus a pmrfo- l goal of 

250 -. This temt was run with only mix of the OriginAl 
seven cyclone l tringm in l erviee. 
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5.3.9 Bed Characterietica 

Bed temperature dimtribution warn good duringtheteet. During 
the run, egg minterm were found in the bed ash. Thin warn 
attributed to operating with low splitting air flow early in 
the run. It is not clear what effect this had on unit 

performance. 

5.3.10 Economizer Performance 

Tbe economizu warn fouled during the temt periodm. This 
remulted in high fuel gam lommee and caumed a 10 klb/hr 
reduction in mteam flow temt (1.3 MW penalty). Additional 
l ootblowerm were installed to improve the economizer 
performance. 

Table XII! Economizer Performance 
Temt Number 

Test Date 
6 7 

06/14/9x 06/15/91 

Feedwmter Flow, klb/hr 378.4 373.5 426.1 

Inlet Temperature, F 299.7 300.0 298.9 

Inlet Premmre, psia 1726.0 1724.0 1689.3 
Outlet Temperature, F 456.5 454.7 455.1 

Gas Flow, klb/hr 740.1 729.5 

Inlet Temperature, F 736.0 726.0 

Inlet Premmure, peia 15.3 15.3 

Outlet Temperature, F 416.9 419.1 

Draft Lomm, pmi 0.6 0.5 

723.6 

761.9 
14.6 

352.2 

5.3.11 Amh Analvmim 
The obmerved loam of Co, from the eorbent in the cyclone ash 
was lemm than the l rtent of mulfatfon in both smmplem. This 
could be due to unreacted eorknt blowing through the bed, 

along with a quantity of highly l ulfatad bad ash particles. 
The highly l ulfated bed amh material (greater than 75n 
l ulfation) would cauae the apparent mulfation of the cyclone 
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ash to be in an acceptable range , while the unreacted eorbent 
would givm CO, in exceem of what would be expected. 

During the preliminary temting, it wae noted that the bed amh 
available at the bed amh l a8eplerwae much leme than in previous 
teetm. It was determined that thie was likely due to 
modifications to the bed ash transfer l tation. For this 
reason, the bed eeh wee l mmpled at the l mmplere and at the 
lo&hopper discharge. Both l mmplee were enalyeed with no 
appmrent bias in the reeultm of the chaoical analyeie between 
the two emplea. Rowever, the mime coneimt of the l emplem was 
bfud and prior temtin9 hem shown thet the chamical enalymie 
vuiee with l uople mime conmiet. 

5.3.12 Concluaion 

The unit perforwd em l %pected end, with the exception of the 
high air lemkege, neu design. The gas turbine MW output 
guarantee warn not achieved. 

5.4 s e 

To achieve proper fuel co&uetion, coqremmed air is umed to l plit 
(atomire) the paste into emall particlee. The original fuel noeele 
demign coneieted of three unicentric pipes of 8 inch, 6 inch, and 

3 inch nominel mime. The outermomt ennulue was the secondary 
mplitting air pameage. The middle annulurn was a cooling water jacket 
and the inner pipe was the fuel pmmeege. The original bamis for the 
l plitting air flow control curve warn ti maintain a conmtant moraentum 
of l plittin9 airthroughoutthe load ran9eto achieve consistent fuel 
mplitting. In order to tiintain conmtent mplittinp air -ntum, 
the maim flow increased with increaming preemure vessel preemxe to 
compensate for increamed denmity (decreamed velocity) at the higher 
premmurem. At the tLnw of the oripinal fuel nozzle demign, ABB 

Carbon warn very concerned about minter formation, so l plittin9 hit 
flw demand was met high in order to achieve 9ood l plitting. 
Unfortunately, thim high degree of splittin resulted in excessive 
porn+-bed combustion at the higher unit loads. The l plitting air flow 
demand curve was gradually reduced to l e low ee 30% of tbe original 

demign in order to reduce the degree of pomt-bed ccmbuetion. 
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ABB Carbon decided to reevaluate the design of the fuel nozzle and, 
through atmospheric testing, developed anewdeefgnthat incorporated 
juet the primary eplitting air flow at the center of the nozzle 

outlet. They found that with the original design, the q econdary 
splitting air tended to oversplit the particles on the outside of 
the paste stream. The new nozzle deeigp proved to allow reasonably 
good control of particle mime and coneietency by varying splitting 
air flw. 

Through atmospheric tomting, ABB Carbon defined a point of optimum 
splitting air flow. They then extrapolated the resultm to full load 
pressure vemmel premmure at a constant momentum. The Vartan Plant 
warn started up in the Fall of 1991 using this new curve with the 
revised fuel noerles. ABB Carbon foundthatat the lower loads, they 
had mfgnificmntly higher front wall bed temperatures than at the reu 
wall and had q ignificmntly lower 0 z readingm in the side wall 
cyclones than in the corner rear wall cyclones. Splitting air flow 
warn optimizedthroughteeting at Vmrtanto achieve even front to reu 
wall bed tmraturem, even cyclone string 0, readings, no mintera 
and no cyclone ffrem. Thim testing resulted in a new curve in which 
mamm flw was high at lw loadm and dropped off with load to 
approximately the l mea mass flow at full presmure vessel prosmute 
am that for the curve d-loped from atwmpheric temting. It warn 

theorised that the increawd splitting air flow at lw loads tends 
to force the fuel further toward the reu wall, eliminating the 0, 
and bed temperature imbalance. Then am bed level and load increamem, 
the splitting air momentum required decreaees due to the increased 
momentum of the pamte itself and the improved mama tranmfer due to 
the deeper bed. 

Thim new curve was umed at the l tart-up of Tidd after the Fall 1991 
outage during which the revimed fuel no+zlee were inmtalled. This 
curve provided acceptable performance; however, with the relatively 
wet coal paste, post-bed combustion warn #till occurring. Attempt. 

were made up through February. 1992, to reduce mplitting air at high 
loads to combat cyclone firem; however , this oomattie resulted in 
minter formation. A rwimed curve warn developed during testing in 
February, 1992, using the maw testing criteria am that used at 

VutM. Thin curve produced flwm 1.5 them higher than the Vartan 

curve at 50 inch bed level, and i.1 times higher than the Vartmn 
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curve at 125 inch bed level. The revimed Tidd curve remained in ume 
up until Way, 1992. 

In preparation for the firmt run after the Spring 1992 outage, it 
was decided to increase the splitting air flow curve by 201 at the 

higher loads by biaming the d-d. Thim warn done am a precaution 
mince the coal crumhing improvementm during the Spring had resulted 
in a much drier pa&e and there was concern that mintem might occur. 

This approach warn used during the 30-day run that began on June 9, 
1992. Early in the run when the unit reached relatively high loadm, 
mintera began to show up in the bed ash. (With tbm drcreaeiap masm 

flow-, the possibility for sinterm increases withhigher loads.) 
Further increemes in bias were then made in an l tteept to l lfminate 
the eintere. It warn found that with 2500 lbm/hr of splitting air, 
minterm were l lieinated even at the highest load attained. The 
l plitting air CIA- was reviwd to a flat 2500 lb/& d-d beyond 
28 paig premmure weemel preemure (below which it just l ervem am a 
purge flow while rolling up the gas turbine). Thim - is 
presently in we. 

With a mplitting air curve originating from data receitnd through 
tests at Vutm, it warn pomeible to obtain optirked conditionm at 
Tidd. The difference from the 8tarting point warn l ubmtantial at part 
load conditionm, while the full load perfo-co was l 8eentiallythe 
.-. It im pommible to Mnipulate the bed temperature dimtribution~ 
between the front and rear walls both at. part and full load by using 
the splitting air to divert the paste flw beneath the paste nozzle 
distribution platen. This feature is to bm utilired mainly am a tool 
to obtain am l Ven temperature distribution in the bed 60 possible. 
At full load conditions, it im alma pommible to control the extent 
of freeboud heat relearn., a feature that should be used to obtain 

maximum pommible output from the plant at full bed height conditionm 
by minimiring freeboard heat release. 

5.5 Freeboard Iniection Temc 

A l ywtem which injects mteam into tbe frmboud we designed to 

combat cyclone firem. The system warn intendmd to l nmure that all 
of the pomt-kd heat release occurred in the fr md region. 
When the mymtan warn placed in 8eIPice l uly in 1992, it wee 
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dimcovered that operation of the eymtem not only precluded volatile 
(gas) firea in the cyclones, but alma provided more even inlet 
temperatures, particularly flow rates and oxygen concentrationm 
between the cyclone otringm. The improved particulate flw 
distribution remulted in improved control of cyclone dip leg (amh) 
fires. (Previously, amh firem had caused dip leg temperature to 
approach the material limitm and remulted in tripping the unit on 

more than one occasion.) 

A test was psrformed to optimire the effmcts of freeboard mixing on 

tempmrature levels, particulate flw dietribution downmtream of the 
bed, and 0, dimtribution. 

The test reeultm ue mummaf ized below. In general, freeboard 
injection achieved good mixing of the gam, am seen from cyclone inlet 
gas tempuaturee and cyclone string 0, readingm. In addition, it 
nerved to redimtribute ash loading to the varioum cyclone etringm 

am indicated by cyclone muction nozzle temperatures. 

Table XIII: Freeboard Iniect 9 ion Temt at Bed e ht = 50 Inche A ia 
08 Flow 256 Flow SOa Flow Flow 100% 

0, Mean, Percent Net 12.8 13.1 13.1 13.2 
0, Diff Min./Max, Percent 4.5 4.4 2.2 1.0 
0, Standard Dev., Percent 
Freeboard Temperature Mean, F 
Freebcard Temprature Diff. 31 41 34 26 

Min./Ma%. F 
Freebcard Standard Dev, F 13 
Pri Cyc Inlet Mean, F 1076 
Pri Cyc Inlet Diff 23 37 25 7 

Min/Max (6 Strings) 
Pri Cyc Inlet Standard 8.8 14.2 9.9 2.4 

Dev (6 Strings) 
Pri Cvc Inlet Mean, 1070 1056 1059 1055 

(7 Strings) 
Pri Cyc Inlet Diff 

Min/Max (7 Strings) 
Pri Cyc Inlet Standard 

Dev (7 Strings) 
Pri Dip Leq Mean 
Pri Dip Leg Diff ninhax 
Pri Dip Leg Standard Dev 
Pri Nozzle Mean, F 
Pri Nozzle Diff Midfax 
Pri Nozele Standard Dev 
Freeboard Steam 

Injection Flow, kpph 
Freeboard Stemm 

Injection Preen, peig 

60 75 

18 23 

994 
98 
42 

806 
124 

42 
0 

994 
97 
41 

004 
105 

1.:; 

0 275 

63 

20 

995 
102 

39 
809 

ii 
3.3 

445 

40 

17 

998 
101 

36 
810 

:2” 
6.6 

740 
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The effecte of freeboard injection continued to improve with 
increamed flow, up to wide opn valve pomition (6600 lbm/hr flow). 

0, dimtribution was most improved when injector increamed from 0 to 
3300 lb/hr flow. Cyclone inlet temperrture dimtribution mhwed most 
improvement from 3300 to 6600 lb/hr flow. A flow of 5300 lbe/hr (650 
psi pressure met point) warn melected for continuoum operation to 
l llw operating margin. 
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6.0 MAJOR EOUIPMENT ISSUES AND MODIFICATIONS 

6.1 Boiler 

During the Fall 1991 outage, approximately 25 percent more in-bed 
surface was added above the eximtingtube bundle to increamethe heat 
absorption. 

Withthm additional in-bed surface added during the Felll991outage, 
on February 21, 1992, the full bed height was determined to be 140 
inches. At this bed height, with a bed temperature of 1575 F, the 
total heat absorbed by the boiler (combuator terminal to combumtor 
terminal) was 129.5 PB?t, which is q lightly higher than the full load 
heat balance value of 128.2 MWt. At this condition, the steam 
generation rate wae 432,000 lbm/hr, which ia approximately 8,000 
lbm/hr below the full load heat balance value. This lower ateam flow 
is attributable to lees than design performance of the economizer, 
which is producing a lower final feedwater tempmraturr with a 
corresponding much higher exit gas temperature. Nowever. the gas 
temperature warn too high for normal operation. Due to gam turbine 
material conmiderationm, the .unit must be operated at a bed 
taaperature belw15BO Fat 142 inchem bed height lieiting heat input 
to 93A of original demign full load. 

In-bed tube erosion has not been an ieeue. Only minor tube erosion, 
due to localized flow disturbancea, ham occurred in localfred areas 
near the bottom of the bundle. 

There are l mmentiallytwotypem of pemt-bed combumtionthat have been 
erperienced with this unit. They are "amh fire@* and gam fires." 

Amh Fires 

This typm of poet-bed combustion im theorimed to be cawed by 
combumtion of carryover carbon particles that beoome 

concentrated in the cyclone dip legs and burn when the gas 
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temperature and carbon concentration ue mufficiently high. 
Theme fire6 are indicated by extremely high cyclone dip leg 
temperatures relative to freeboud temperaturem. A combumtor 
trip will ocour if the dip leg temperature exceeds 1670 F for 
30 minutem and inmtantaneoumly at1750 F. The unit experienced 
such a trip on l/16/92. Because of mfntering found in the 
cyclone dip legm, it im believed that the ash fires attain 
much higher tagrature furthu down the dip le9. 

It warn originally kliovedthat this type of fire only occurred 
at intermediate bed levelm where ash concantration in the exit 
gam mnd frnboard tmsnperature were high. This wu proven falme 

in the runm following the Fall 1991 outage where cyclone ash 
fires were prement all thm way up to the bed level of 121 
inchem. 

It was felt that pas mnd ash mixin induced by freeboard steam 
injection might have an impact on reducing ash f.irem by more 
evenly dtstributing the carbon partfclem to the seven cyclone 
strings. Am much, frnboud injection was placed in rrvicm 
at a 40 inch bed love1 duriap the run that mtarted on l/21/92. 
This syetw warn met at its original operating premeure of 350 
pmi9. Am bed level was incroaeed pamt 90 fnchem, an ash fire 
becrme evident. At a hod 10~1 of 105 inches, the freeboard 
injection steam prommum was increamed to 450 pafg. Shortly 
thereafter, the ash fires began to l ubmide. In l ubmeguent rum 

where freeboard injection warn placed in l ervice at a met 
preeeure of 650 pmip, no major cyclone dip leg ash firem have 

occurred. It is now believed that cyclone amh fires can be 

effectively controlled with tha use of frnboud l team 

injection. 

Thim typm of poet-bed combumtion ia bolioved to be caused by 
incaqlete in-hod cambuetion of volatilea releaeod ftom the 
coal upon admieeion to the bed. If the coal water paste im 

n plit too finely, the volatflem LII relearned very quickly in 
the area Qmmodiately l urrounding tba fuel injection noeele. 
Bmcaume of limited l ide-to-•ide mixing of aFt in the bmd, this 
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localfred release of volatiles can overwhelm the oxygen 

available in this uea, allwing volatiles to rime in plumes 
through the bed and emcape into the freeboard. These plumes 
l ubmequently ignite in the cyclones or in the freeboard, if 
the freeboard injection mymtma is in service. The resulting 
combustion raieem the gas temperature. 

Prior to the Fall1991outage, gas fireetypicallywere present 
inonlyone ortwocyclone etringm, which remultedin extremely 
highte6peraturethroughoutthe affected cyclone strings. The 
original intent of the freeboard injection myetem wae to more 

evenly dimtribute thim pomt-bad heat release to all seven 
cycloru mtringm by inducing gammixing in the freeboard. Thus, 
individual cyclone tamperaturee would be reduced. 

In addition, new fuel nozzles were inmtalled during the outage 
with the intent to produce luger and more conaimtent size 
pamte particlem to l lw down the volatile release rate. Thus, 
the volatilem would k relearned over a much broader area of 

the bed aa the paste particlem moved side to side, and, 
therefore, would be exposed to more air. 

The new fuel noeelee appear to be functioning as intended, 
mince the total poet-bed heat releame due to gam firem is much 
lowor than evidenced prior to the outage. In addition, the 
use of freeboard injection dimtributem thim heat release to 
the entire gas &ream. Rowever, during meet of the runs 
following the outage, post-bed combuetion warn still present 
in mufficient quantity to limit bed level and/or bed 
temperature due to high gam turbine inlet temperature. 

Two factorm affect the mize of the pamte particle in the bed: 
splitting air and paste moimture content. A reduction in 
splitting air and coal moisture both work to increame paste 
particle miae. Rowever, it im theoriaedthat mplitting of wat 
pamte remultm in a lemm coneimtent particle miae than with dry 
paste. With wet pamte, a reduction in mplitting air to 
minimime post-bed ccmbumtion can result in the generation of 
d.ntere due to the luger fraction of paste particlea. 
Whereas , with dry paste, the more even particle size mplit 
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permits control of poet-bed combuetion without dntering. 
Such a condition was achieved on 2/21/92 where a 142 inch bed 
level wee attained at a bed temperature of 1575 F without any 
einter formation. 

In order to attain pumpable dry paete, the percentege of finea 
in the pwte muet be approximately 18-2OI. To date, much good 
quality dry pwte bee not been achieved for extended periods. 
Thie muet be l ddreeeed before full loed operation can be 
l umtainod. 

5t-t -(I 0 60 ne Liner 

The upper row of ceramic tilee pilled ewey from the well. This 
problem wee attributed to l co&in&ion of iworreot hold-down l tud 
matmrial and excemmive loeding from the l teinleee eteel angle that 

form the tranaitfon to the l tainleee &eel plate w&ion of the 
liner. Thim problm did not hamper unit -ration. A new top row 
design with a rwimed tram&ion urangewnt warn iamtalled to correct 

the problem. 

At. initial l tut-up, the sorbont injection l yetem experienced 
nuwrouca operating difficultiee roleted to relve end rotary feeder 
malfunction andwemr. Severe erosion of the l orbenttreneport piping 
warn also a problem. Through various material changes and equipment 
replacament, the l yetem ie now reliable. 

Beginning with the run thet etuted on l/25/92, l orbent bamed 
clinker8 begen forming in the tube bundle ebovethm l orbent injection 
nozzle@ and l djecent coal injection norrle8. 

A number of change8 were made to the mordant injection nozzles ae 
attwptm to eliminate theee fonnetione. Theme uruqwent ch~gea 
had l orm impact on the location of the formations; howwer, thoywerm 
not l ucceeeful et eliminating the deposits. 

It hae now been theorised thet reduced morbent truroport velocity 
and coneequentiy leee diatributfon into the bed mey be roeponaible 
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for the formations. During the Z/29/92 to 3/f/92 run, eorbent 
transport velocity wae increaeed after indication of e formation had 
been identified. Inapectione after the run revealed that clinkers 
had indeed been formed: however, they had broken up, The preeent 
theory ia that the increased transport velocity eliminated the cauee 
of the clinker. Further operation is neceeearyto provethietheory. 

6.3 Economfaer 

Foulinq 

The sootblowera inetalled in betweentho first and q cond banks and 
thFrd and fourth bankm were affective in keeping moat of the 
economiau surface freeof aeh accumulation. Bowever, the first four 
row of the econaaiaer became progreeeively more fouled with each 
mucceooive run. Theso four row experienced ash accumulation in the 
finned region off all tubee with eome bridging occurring fore to aft. 
The laet two rowe of the second bank aleo experienced a lees 
significant ash accumulation. 

Whilethie fouling contributed to thm eoonomizer’m poor pmrfonnanc~, 
the major concern warn the poeeibility of l ide-to-eide bridging and 
an attendant velocity and prewure drop increase. Vibration induced 
by the high velocity ie believed to be the cauee of four tube 

failurem that occurred during mid-1991. In order to resolve this 
issue, eight aootblowera and anti-vibration bare have been added. 
NO further tube failures have been experienced. 

Performance 

The economizer performence wae below design reeulting in higher exit 
gam tamparaturm and lower final feed weter temperature. 

This off-design perfomance impacted steam flow by approximately 
10,000 lbe/hr and reduced eteam turbine generator output by 

approximately 1.3 w at full load. 
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6.4 Cvclone Ash Removal Svstem 

Operation of the primary cyclone aeh removal syetem hae generally 
been acceptable, except for a two-month period in mid-1991 when 
pluggage of the primary aeh removal eyetem began to impact unit 
operation. At first, each pluggage could be traced to a procew 
upeet, ueually in the sorbont injection l ystem. Itwaa believed that 
the proceaa upeet remulted in a twporary increa8e in aeh loading 
to the cyclonea which ovenshelmed the traneport capacity. N-r, 

the eyetem w&e totally diemantled and inspected he part of the Fall 
1991 outage, and the real c&we warn dimcoverod. It warn found that 
air in-lmakagm into the primary aeh linm flanged conwction~ ineide 
the caabumtor vemeel l ignificantly reduced the tramport capacity 
of the oyetem. 

During early plant operation, from Deceaber 1990 to March 1991, 
pluggage of the l econdary cyclone aah ramoval myetem reeulted in 
unacceptable unit availability. Numerous modificatione were made 
to rmduce prewurm drop in thin system and thus incrmase traasport 
capacity. Originally, the l even primary and wven eecondary aeh 
linee combined into one line which wae routed to the cyclone ash 
ei10. By Uarch 1991, the primary and l econdary cyclone aah removal 
l yeteme were decoupled and the l econdary cyclone aeh line wae routed 
to the precipitator inlet. In addition, l everal modificationa were 
made to the aeh lines inmide of the ccmbuntor veeeel to further 
improve transport capacity. 

Starting in March 1991, l conduy awh tranmport capacity during unit 
operation w&e 8ufficient to permit reliable operation of the 
secondary l eh myetem. At l hutdowne, hcwever, aeh buildup in the 
cycloni dip lege would not permit restart of the unit until the aeh 
w&a removed from the dip leg. 

During the Fall 1991 major outage, l everal major modificationa were 

ma& to the cyclone uh r-al l yetem to l ddreee the problem with 
the l yetaa. Theee included the following: 

. Cut off l econdary cyclone dip legs. 

Tidd PFBC Demonetration Project DE-FCZl-87 MC-24132.000 
Topical Report - ?iret Eighteen Months of Operation March, 1994 

59 



Elimination of.flangeo in secondary ash linee bywelding up 
the flanges. 

Rerouting the secondary ash pip external to the combustor 
veesel. 

Replace all gaskets in the primary ash linen internal to the 
ccmbuator vemael. 

Inape& and rework primary aah line tee bend* internalto the 
combuetor. 

Machine ash pipe flange aurfacea and overhaul entire internal 
primary aah coolmrs. 

Significantlyredu~eairinleakageintobothtraneport eysteme. 

Sandblasted the interior of P13 and 523 cyclones to remwe ash 
layer that warn peeling off the cycloru walls. 

Inmtallation of suction nozzle thermocouples. 

After the Fall 1991 outage, pluggage of the secondary ash mycrtw 
again adversely impacted unit availability. In mid-January 1992, 
pluggage w&a found to be caused by l arceaaive pressure drop in the 
secondary aah line outaide of the co&u&or veoael. The preesure 
drop was reduced by redeeign and replacement of the aeh line and the 
system began to function properly. The secondary aeh removal eystem 
is nowconsidaredmarginally acceptable. Pluggagea willoccaeionally 
occur at start-up, but experience ham mhown that they tad to clear 
thmrelves .when combuator vessel pressure increasea after firing 
coal. Duringthm 31-d&y run, one secondary cyclone remained plugged; 
howwer, subsequent inspection revealed thm pluggage was due to a 
reetriction of the amh pick-up nozzle by a foreign object. 
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6.5 Coal Crusher 

Status am of Julv 1992 

Prior to the Fall 1991 outage, the crueher ran primarily in torque 
or speed control. In thie method of operation, the cruoher epeed 
variee to match coal injection paete tank level. 

The mxew feeder than appliee a force on the rolle and thin force 
ie controlled by the torque of the wrew feeder. 

During the initial operation period, thie im the manner in which the 
crueher operated. In thia mode, the crusher warn never capable of 
producing connietent coal fin.0 in the minus 325 meeh eize. Good 
pumpability of the coal water pa&e (with low water content) requirea 
1Sto 20\ minue 325 mesh; however, the fines average 101 to 158 minus 
325 meeh. The pwte mwt have a low water content in order to 
produce coneietent l ired paete particlee in the bed, which is in turn 

needed to avoid exce8aive poat-bod canbwtion. 

During the Fall 1991 outage, large drive motors were inetalled on 
the crueher, and a week long crueher optimisation temtwas conducted 
to develop an operating mode for the crusher that would produce an 
optimumproduct. The reeult of thie temt programwarn the development 
of the gap control mode for the crueher control. In thie mode, the 
inlet ecrew feeder rune unloaded, the vibratory feeder above the 
crusher controla the crusher feed rate and the crusher epeed rate, 
and the crusher apeed controla the roller gap. 

At firet, thie new control mode warn thought to a viable control 
echeme for the crueher. Bowever, in l ubeequent oparating run, it 

was found that variations in coal and mqieture content had a 
significant effect on how the crusher operated. 

During the run of l/24/92, coal backed up into the Tl hopper over 

the crusher and would not paaa between the rolle. Pa&e tank level 
could not k maintained. Bed levels warn dropped and the crwher 
control mode w&e awitched back to torque control. 

Tidd PFBC Demonstration Project DE-PC21-07 MC-24132.000 
Topical Report - Firat Eighteen Month0 of Operation March, 1994 

61 



Kinor adjustments to the crusher were attempted in an effort to 
optimize the fine* in the coal. These variations included the 
following: 

Operation in torque control mode. 

Operation in gap control mode. 

Variationa of hydraulic pressure (55 to 90 bar) on the rolls 
with oarioue combinatiom of nitrogen pressure (30 to 50 bar), 
which la the spring conatant on the hydraulic system. 

Operation with vuying coal level in the Tl inlet hopper. 

Operation with no coal level in the Tl inlet hopper. 

Alternating the length of the coal flow along the rolls by 

putting plate. in above the roll. and taking the plates back 
out. 

Addition of more growem in the crusher roll. to improve 
friction. Originally, only on. groove was installed in the 
fixed roll. Before the 2/29 run, eight more grooves were 
inmtal1.d on the fixad roll Md l-1/2 groovets on the movable 
roll. Operation with these groove, l hmmd no improvement in 
fines content of the product. 

On 3/7/92, a recirculation eyetemwas installed to recirculate 
up to 100 percent of the feed coal. In addition, the two deck 
screen was modif1.d from a l-l/Z*' x l-1/2" top aereen and l/Z'* 
x l/2" bottom screen to a three deck screen of l-1/2" x l- 
l/2" top, l/2” x l/2” middle, and l/4” x l/4” bottom. The l/2’* 

and l/4" ecr..n eize# were recirculated through the crusher. 

The&e modifications have been effective in producing a higher amount 
of minum 325 m.sh finee. The 31-d&y continuous run in June - July 
1992 verifi.dthia mode of ~rationwhenthe minus 325 meah fraction 
ranged from 16 to 22 pcrrcent and the coal paate was conslatently 
maintained at 24 to 25 percent moisture by weight. 
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another problee experienced with the coal systee was rapid corrosion 
of carbon steel surfaces in contact with paste. The ncxainally 3.5 
percent sulfur Pittsburgh No. 8 coal being tested at Tidd, when mixed 
with water, produces a paste with a pB as low as 3. This resulted 
in significant corrosion damage to the coal paste mixer and coal 

paste pumps from November 1990 to September 1991. During the Fall 
1991 outage, all Carbon steel l rfacea in the mixer Md paste pumps 
were replaced with aumtenitic stainless steel. To date, these 
modifications have been l uccesaful. 

The coal preparation systaa ham almo demonstrated a sensitivity to 
the type and moisture content of the coal being fed. The crusher 
has l qerienced, pluggage and slipping of coal between the roller; 
when there has been a significant change in the surface moisture of 

the coal. 

6.6 Gas 

The g&a turbine has experienced a me&mumble amount of erosion. 
Periodic inspections have shown that normal unit operation producee 

v-3 little erosion; however, the erosion rate increases 

significantly when cyclone ash r-al lines are plugged. The most 
aeriou8 erosion has occurred when the primary cyclone ash r-al 
line plugs. In such an event, the corresponding secondary ash 
removal line 10 overwhelmad Md quickly plugs. 

Primary cyclones normally collect 95 percent of the ash in the gas 
stream and the secondary cyclones remove approximately 33 percent 

of the remainder. When an e&ire string plugs, the gas turbine dust 
loading increases more thM tenfold. A more i&IprtMt fACtOr, 

however, is the size of the particles reaching the gas turbine. Each 
cyclone stage coJlects progressively smaller particles, with the 
normal secondary cyclone exhaust duet containing virtually no 
particles larger thM five microns. When an entire string im 

plugged, the gas turbine ia exposed to particles as large am 250 
microns. The erosion rate is much more sensitive to particle siae 
thM to dust loading. Genually, when only a l econduy cyclone ash 
removal line plugs, the increase in erosion rate is minimal. 
Bowever, during the 31-d&y ~run, the unit was operated with one 
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secondary cyclone plugged and erosion was higher than anticipated. 

An ongoing problem with the gas turbine has been bypassing of air 
from the high pressure compressor directly into the turbine. The 
present estimate of this leakage is approximately three times the 
design value for seal and cooling air ~flow. Given the limita on 
compreaaor volumetric flow, this leakage results inlimitingthe unit 

fFrZng rate. Modifications to a suspected are of leakage during the 
Fall1991 outage did not resolve the problem, and inveetigations axe 
continuing to identify the e&u&e of the leakage. 

The LPT guide -?~es had been expsriencing problems with feedback 
causing the guide vane. to open. A redundant feedback loop for 
position indication w&m installed. A ground was addedtothe voltage 
regulator card. No feedback failures have occurred since that time. 

The gas turbine tripped one hour after a combustor trip on l/10/92 
due to a bad HPT outlet temperature thermocouple. The other HPT 
outlet temperature thermocouple failed on l/22/92, but the gas 
turbine trip from those thermocouples had been blocked prior to the 
f ailura. Both failures involved a burn through of the thfmaocouple 
wire. The thermocouples were replaced with ones that had a longer 
metal aheath to prevent burn through. 

The g&a turbine blow in doors opened three times in January, 1992, 

due to l now pluggage at the air intake filters. This can cause 

problems with fouling of the LPC blading with a resultant loss of 
air flow, and foreign object damage of the LPC blading, which would 
require replacement of the bladfng. A hood w&a installed over the 
air intake housing to prevent snow from blowing into the filters. 

The unit tripped on l/25/92 when a lA and 18 tramformer differential 

trip operated causing a steam turbine trip from the unit HEAs. At 

the l ama time aa the transformer differential trip, the south boiler 
feed pump warn started. The resultaht sag in reserve bus voltage 
cauaed the g&a turbine control fluid pump to trip. The #tMdby 

control fluid pump start& hovmver, the sag in control fluid 
preawre during the m&g in remeve bum voltage caused air bypass 

valve BGV-T120 to drift off the open limit switch, which caused a 

gas turbine and combustortrip. A modification to the control fluid 
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piping was implwmnted to ensure that the standby pump was primed 
with preseurized oil. 

Several blades in the first five row of the HPC experienced foreign 

object damage. Damage of gas turbine compressor blade8 CM cause 
high cycle fatigue cracks due to vibration from stall at the 
disruption of flow over the blade surface. 

The EPT had three eroded inlet guide ranea 6t the hia o’clock 
position Md erosion of the second, third, and fourth #tape rotating 
blade tipo. Thim erosion la not an operational liability. It h&e 
a alight effect on the efficiency of thm turbine. 

Inmid-March, 1992, fatigue crackm were discovered in the blade roots 

of nine of the 45 low-premmare g&a turbine bladea. The crackm were 

due to resonant vibration at certain operating l peede of the 
variable-speed l haft. Thim problan w6a generic to the design of the 
GT-35P g&m turbine, and not due to thm PFBC proceee. The turbine 
bladee vmre replaced during the l neuing nin -k outage. 
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7.0 CONCLUSION 

Throughout the first 15 months of operation of the Tidd PFBC Demonstration 
Plant, the Tidd PFBC Demonstration Plhnt has completed over 2,000 hours 
of coal-fired operation and has met its ewironmental performance 
obj.ct1v.s. With the loo-hour run at full.load and the 3l-d.y continuous 
run, the unit has met its reliability objectives. Also, with the exception 
of the deficiency in gas turbine power output, the PFBC power island 
equipment has met All perfO-Ce guuMteem. 

The system experience to d6te ham provided important input into the design 
Of future PFBC PlMtS. The gas turbine has demonstrated its ability to 
operate on the by-products of coal combustion without significant erosion 
or corrosion. The tube bundle ham dewnatrated its ability to operate in 

a bubbling fluidiaed bed without tube wast6ge. 

Themain opezatingproblema eaperienced duringtheinitialoperatingperiod 
are mainly associated with the coal preparation and cyclone ash removal 
q ymtemm. Our experience with these systems-emphasises the importance of 
propor ooalprepamtionto achieve reliable coal Injection and proper coal 
combustion within the bed. Of l imilu importance 1s perfo-ce of the 
cyclone ash r-al mystan to enare that the exhaust gas is l efficiently 
clew for gas turbine survivability. 
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APPENDIX I 

OPERATIONS NARRATIVE OF RUNS 



The following ie M operations narrative for each of the rune during the first 
eighteen months of operation. 

start-DD TD-SW-91-01-01 

The unit was started up on JMU~~Y 7, 1991. The gas turbine w&e rolled 
and paralleled on January 7, 1991 et 2356 hours. The bed preheatu was 
placed in serrrice on January 8, 1991 at 1034 hour.. The steae turbine 

was rolled and paralleled at 1311 hours on this date. Soon after the 
bed preheater w&e fired, it was noticed that the tmperaturem on P16 and 
Pll primary ash cyclones were running considerably lower than the reet 
of the cyclones. Initially, it w&a l uspected that thie w&e due to 
pluggage in these two cyclones. Based on this, a decision was made to 
remove the unit from service to inspect thim syetem. Inspectlone 
indicated that the problee with P16 and Pll primary ash cyclones was 
caused by in-leakage of air from the preseure noed to tlm cyolonos at 
the first flange downstreae of the bell-a box. 

start-vu TV-SD-91-02-01 

The unit warn started up on JMUU~ 10, 1991. During l tert-up, it was 

notioed th6t the 826 secondary cyclone temperature was l ignifioantly 
lower than the other cyclones. It wae suspected that this was due to 
pluggago in this cyclone. As start-up continued, bed level w&e 
increased to approximately 40 inches , and eorbent injection was 
initiated. During this period, the teeperature on P16 primary cyclone 
increased to the point that it was suspcted thet there was a fire in 
thie cyclone. Air flow was increamd by 100 kppb in an attempt to 
reduce overall cyclone tamperaturea. During this activity, l g6s 
turbine trip was generated by the failure of the air flow controller. 

The unit was *eared in a norm&i manner and preparmd for restarting. 

s ta -U 

The unit war rmatartod on JMUW 13, 1991. The g&e turbid warn placti 
in l erPice on J~uary 13, 1991 at 0644 hour., followed by the bed 
preheater at 1624 hours. The coebuetor w&e tripped et 1737~houre due to 
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an extreme high alar. on S26 cyclone air cooling tampsrature. The bed 
preheater was returned to service at 1750 hours, followed by the &team 
turbine at 2026 hours. Co41 injection ~6s initiated at 2141. Bed level 
was increased in steps to approximately 60 inches, and sorbent injection 
was initiated. During this period, it became evident that several of 

the mcondary cyclones rere becoming plugged. A steam turbine trip was 
generated at 0451 hour; on January 14, 1991, due to the failure of the 

steam turbine stop valve to open during transfer fro. full arc to 
partial arc admiseion. A combu#tor trip was generated at 0504 hours on 
J~uary 14, 1991, when the belt drive on the splitting air compressor 

failed, resulting in a low nitrogen buffer tank pressure trip. 

The unit was secured in a normal -er and released'to the Maintenance 
Department for out6ge work. 

Start-UD TV-su-91-03-01 

The unit was started up on January 19, 1991. The gas turbine was rolled 
and paralleled at 1926 hours on January 20, 1991. The bed preheater was 
placed in service at OS34 hours on JMUU~ 21, 1991, but tr1pp.d at 1022 
to check thermocouples. The bed preheater was returned to service at 
1036 hours and then tripped again at 1121 hours due to loee of flame. 
The bed preheater was returned to service at 1333 hours, with flames 
being monitored locally by Operations. The steam turbine was rolled and 
paralleled at 1537 hours. Coal injection was initiated at 1718 hours. 
Bed level was increased to 47 inches, at which point a leak was 
discovered in the north eorbent injection line at a flanged connection. 
Bed level was reduced to 30 inches and the sorbent injection system 
removed from service to repair the leak. During this period, it became' 
evident t'hat secondary cyclone S21 had become plugged. Air flow was 
increased slowly to 650 kpph in an effort to remove the obstruction. 
This did not prove to be successful, and a decision was made to remove 

the unit from service to inspect this cyclone. 

Th. gas turbine was tripped at 0345 hours on January 22, 1991, and 

preparations made to turn the unit over to Maintenance for outage 
activities. 
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Start-Uv TD-SU-91-04-01 

The unit was started up on JMUW~ 27, 1991. The gas turbine was placed 
in service at 1658 hours on January 27, 1991. While holding at 2500 
FkPl4, a frequency converter trip was suffered. No reason for this trip 
was iamediately evident , and the gas turbine was rolled back off at 1739 
and paralleled at 1744. No further problems were encountered. 

The bed preheater was placed in service at OS21 on January 29, 1991. 
The steam turbine was rolled and par6lleled 6t 1131, coal injection was 
established at 1236, and eorbent injection was initiated at 1418. Over 
the neat several hours, bed level ~6s increaeed to 67 inches and the 
following activities were perforwd: 

1. Cyclone monitoring for indications of pluggage and/or fires. 
2. Biasing of individual paste pump flows to balance bed temperature 

distribution. 
3. Verifying operation of machMiCA components and lcgice in System 

268, sorbent injection system. 

At 2143, the boiler circulation pump stopped l utaaatic6lly. This 
resulted in 6 vertical separator level upset. When the vertical 
separator level incre*eed to over 9 fnt , a steam turbine trip who 
generated. As a result of this trip, a CcmbuStOr trip was generAted At 
2146 due to high secondary superheater outlet taqerature. The 
combustor and etesm turbine were secured following the trips and 

preparations made to hot restart the unit. 

The bed reheater w&a placed in service at 2254 on January 28, 1991, and 
coal injection initiated at 0158 on January 29, 1991. The steam turbine 

was rolled and paralleled 6t 0330 hours. Over the next l weral hours, 

bed level was increased to 65 inches, while the following activitiee 
were performed. 

1. At approximately 0730 hours, indications of pluggage in secondary 

cyclonea S21 Md 827 were noted. 

2. Bi6eing of pate pump, continued during tha period to attaapt to 

b&lMCe bed temperature dietrfbution. 
3. Sorbent injection eyetaa testing continued. 
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At 1149 hours, the cyclone ash q ample connection flange was discovered 
to be leaking significant quantitfee of ash and gas. AB a result of 
this and increasing suspicion of pluggage in S21 and 527 secondary 
cyclones, a decieion wae made to remove the unit from service. 

The combuetor was tripped via the panel pueh button at 1149 hours. The 
gas turbine was tripped via the panel push button at 1727 houra. The 
unit warn mcured in a normal manner and plum made to turn the unit over 

to Maintenance for outage work. 

start-m TD-SW-91-05-01 

The unit was etarted up on February 3, 1991. The gas turbine was rolled 
and paralleled at 0706 hours on February 4, 1991. The bed preheater wae 
placed in service at 1755 hour6 thin date. The steam turbine waS rolled 
and paralleled at 2346 houra , and coal fire vaa eetabliehed at 0034 
houre on February 5, 1991. Over the next Several hours, bed level wae 
gradually increased to 55 inches. Sorknt injection wae established at 
0255 hour8 via the east injection line. During thin tFme period, the tl 
and t6 paste pump‘ were biased to balance the bed temperature 
distribution. The results of thie biasing was very favorable, with the 
higher hod tanperature being approximately 15759. 

At 0658 hours, morbent injection flow wae loot due to the premature 
opening of the east vessel vent valvea. This 1Fne had been tripped 

earlier and due to the failure of the east sotbent injection vessel 
discharge valve HCV-8815 to receive a close command, the q hutdown 
sequence had been interrupted. The oprator at thin time determined 
that this wae a feeder trip in&sad of a system trip and had, therefore, 
restarted the feeder in manual. Sorbent injeotion flow was then 
continued due to leakage of material through the open HCV-BST5 valve to 

the now manually running feeder. At 0656 hourm, while attempting to 
place the weet morbent injection line in service, a manual trip of the 
went line was initiated in an effprt to realign the logic8 to atart the 
injection sequence. This manual trip, in conjunction with &ending trip 
on the east line, initiated a o ommand to roduce transport air flow to 
ita purge flow rate. AS purge flow iS not adequate to inject material, 
the injection piping was quickly plugged by the material being fed from 
the aaet veseel,.and transport air flow decreased to 0. At this time, a 
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bed level decrease wan initiated due to the loee of rrorbent. Due to the 
sudden loss of transport air flow, the oper+or then placed the flow 

control valve (FCV-P230) in manual ahd increased ite output to 100%. 
Thia resulted in the material that had plugged the line being swept into 

the boiler. At this time, it became evident that l econdery cyclone S21 
was beginning to plug. Several attempts were made over the next hour to 
reeetablish aorbent flow with no l ucceea. During this time, a euepeoted 
reverse flow of g*e w*e occurring through the north injection nozzle. 
When the temperature on the north line increaaod to 6569, e deoiaion 
was made to abort the attaptS to reeetablieh l orbent flow and r-ve 

the unit from service. 

The combuetor ~a# tripped at 0900 hours via the ?lCS. The bmd warn cooled 

with the gas turbine, end the gee turbine we8 tripped at 1403 via the 
WCS. The unit was mecured in a normal manner and prephratione made to 

release the unit to Maintenance for outage work. 

The unit wee Started up on Friday, Fobruuy 6, 1991. The gee turbine 
was rolled and peralleled at 0355 ,hourm on February 9, 1991. The bed 
preheater wea placed in eervice at 1232 houre on thim date. The l teem 
turbine was rolled and paralleled at 2045 houre on thin date. At 2122 
hours, a coal fire wee l etebliehed. At 2300 hourm, the l orbent 
injection symtam MB placed in l ervice and l orbent flow we. l etabliehed 
via the west injection train. 

At approximately 2330 hour*, the trended indication on the plant 
monitoring computer for secondary cyclone S26 dip log temperature rate 
of change suddenly increased. At thiS time, the dip leg tmperaturo was 

observed to be increeeing. ThiS temperature increamed approximately 
20% over 5 minute0 and then began decreasing at a rate of approximately 
ll'/min. Thie temperature continued to decrease over the next hour and 

it wae decided.that this cyclone WI. plugged. 

At thie time, a decision wee made to remove the unit from eervice due to 

pluggage in secondary cyclone S26. The combumtor wee tripped from the 
panel puoh button at 0059 hours on,Februuy 10, 1991. The oambustor wae 
cooled via the gee turbine until 0304 houra this date, et which timm the 
gee turbine wee tripped via the panel pueh button. The unit wee eecured 
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in a normal manner and preparations were made to relaaee the unit to 
Maintenance for outage activities. 

st*rt-UD TD-SW-91-07-01 

The unit warn started up on February 16, 1991. The gas turbine wae 
rolled and paralleled at 2116 hours on February 18, 1991. The bed 
preheater was placed in eemice at 0611 hours on February 19, 1991. At 

0656, a gas turbine trip was wffered due to an exceeeive vertical 
wpuator level owing. This wa* caused by the mdden opening of the 
vertical separator pressure control valve PCV-B200. It was found that 
thin valve was locked in the cloeed poeition due to the valve operator 
handwheel being run down to the closed poeition. The valve was placed 
in manual control from the MC5, and the handwheel then run to the open 
pooition. At thin time, the valve pulsed to auto and inmediately went 

to the full open position due to vertical separator pressure being 
greater than set point. The nudden opening of this valve cawed the 
vertical separator level to go high. When the vertical separator level 
incroaoed to a level over 9 feet, the feed water flow control valve was 
ordered clolred. Thi8 caused a gas turbine trip due to low total boiler 
circul*tion flow. Am the vertical separator level increaeed, PCV-8200 

WM ordered cloned automatically to prevent wayover to the 
wperhwters. This action forcod the vertical eepuator level low. 

The unit warn mecured in a normal manner and preparation* made for a hot 
restart. 

ptart-Up Tn-SU-91-07-02 

The unit was restarted on February 19, 1991. The gas turbine was rolled 
and paralleled at 1219 hours. The bed preheater wae placed in service 
1416 hours. At 1630 hours, the steam turbine was rolled and paralleled. 
A one hour q parge duck relaxation procedure warn prformed and completed 
at 1836 houra. Bed material was then added and bed level increased to 
26 inches. Fuel injection was initiated at 0023 hours on February 20, 
1991. Bed level was then increased to 40 inches and norbent injection 
was establiehed at 0220 hours. 

Cver the next neveral hours, bed level was increased to 55 inches. 
During thim period of time, problems developed in the fuel preparation 
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eystem. At 0420 hours, the #l prsta tank agitator tripped. This "a~ 
found to be due to very dry material in the paste tank,. Over the 
course of the evening, neveral tripe of the coal crusher had occurred 

and during thin period it W&B swpected that the block valve in the 
water lrupply to the mixer was ordered closed and not reopened. This led 
to the delivery of dry coal to the paste tanks. Further investigation 
revealed that the #l agitator motor had faild. At 0558 hours, the #5 
and #6 pwte pump‘ tripped due to high injection linb differential 
prmm*ure. 

At 0601 hours, tha combuattor wea tripped via the panel pumh button and 
the unit ww wcurbd in A normal menner. A decision wao Mdb to not 

rwow tbe gee tutbin@ from service in anticipation of A quick repair to 

thb failed agitator motor. Thie motor wee repaired at a local Shop and 
returned to the site et approximately 1800 hourm. 

At 2224 houre on February 20, 1991, the bed preheater was placed in 
service. During the couree of the evening, thb #t&u8 of rwondary 

cyclone 824 was clomely monitored. The air cooling temperature has 
ooneietently indicated a problm with flow through thie dip leg. 

Bed level we, increaesd to 28 inchee and at 0309 hourm on Fbbruuy 21, 
1991, fuel injection wee pieced in service. Bed level WAS thbn 

increwbd to 40 inohee, and l orbbnt injbction WA. l etablfehed at 0550 
hours via the ueet Lnjection line. Over the next l voral hourm, bed 
level wee increawd to 65 inchem end preparations made to truufer to 
once-through operation. During thia period, it became increaningly 
evident that secondary cyclone 524 was plugging. 

At 1449 hours, the boiler circulation pump wee removed fran serviob and 
once-through operation l hieved. During the next hour, the main steam 
attemperator wee placed in l orvice end unit gross load etabilized at 
approximately 33 mw. 

At 1600 hours, the owbumtor we, tripped due to excessive vertical 
l epu*tor prbmure swings. The unit WA. cooled down and the gee turbine 
WAS tripped at 2015 hours. Thie unit wee 8ecured in a normal manner end 
preparationa made to release the unit to ?lafntenance for outage 
*ctivftiw. 
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Start-IJu TD-SW-91-08-01 

The unit was started up on February 26, 1991. During thin run, new 
procedurae were to be implemented to improve warming of the secondary 
ash dip lege, internal secondary aeh coolers and associated piping. 

Following the reviaed warming procedures , the gae turbine was rolled and 
paralleled at 1725 hours on February 27, 1991. The bed preheater was 
placbd in service at 2252 hour8 and bed level vaa increased to 28 inches 
for mtem turbine roll and fuel injection. 

The steam turbine warn rollti and paralleled at 0138 hour* on February 
28, 1991. Puml injeCtiOn wAm initiAted at 0318 houra. At 0322, the #3 
paste pump wae removed from service due to a plugged injection nozzle. 
After attempting to cleu the plugged line for approximately 1 hour, a 
decision was made to trip the combuatof. The combumtor WAS tripped via 
the.manual push button at 0415 hours and the unit secured in a normal 
manner. 

The gas turbine was trippod from the MCS at 0733 hour6 to pormit 
Maintenance to clear the obstruction frown the (3 fuel line. 

St**-ml TD-SD-91-09-01 

The unit ~a# started up on Fbbruuy 28, 1991. The gas turbine was 
rolled and paralleled at 1208 hour@ on February 28, 1991. The bed 
preheater wae placed in service at 1428 houra. At 1637 houre, the steam 
turbine ~~a.8 rolled and paralleled. At 1740 houra, eorbent injection was 
initiated via the weet line. At 1742 hours, fuel injection was 
initiated. 

Over the next neveral houra, bed level WA. increased to approximately 73 
inches and preparationa made to transfer to once-through operation. 
During thin period of time, evidence of plugging of l econduy cyclones 
S25 and S27 was seen. 

At 73 inchee, bed level prepuatione wore made to tramfer to oncb- 
through operation. As thie we‘ done, a madden increase in vertical 
separator level was experienced. Due to thin, PCV-B200 was ordered to 
ite minimum opening. The resulting upset to vertical separator level 
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pressure and feed water flow caused the boiler circulation pump to auto 
atop. 

At this time, the primary And AeoondAry 8uperheAter tube tAmpmAtures 
were observed to be rapidly increAsing. At 2221 hourm, a ccabuetor trip 

WA@ generated due to high l econdAry superheater tbmprature. The unit 
WA&I then secured And cooled in A norm.1 manner. 

At 0127 hourS on Lurch 1, 1991, A gAA turbine trip "Am initiAted via the 
MCS And prepA.rAtionS mAda to turn the unit over to Maintenancb for 

outAge Activities. 

PtAtt-DD TD-8U-91-10-O& 

The unit wAx mtarted up on Urch 7, 1991. At Approximtely 0430 hours 
on MArch 8, 1991, the high level ~lrrm on the canbumtor belly drAin wae 
received. Over the next 4 hours, l bvbral gallonm of water wbre removed 
via the drain from the cwbumtor bottom. At 0800 hourA, a decision wee 

made to muspend wUming procedurw and to hydra the boiler for lb&s. 
When Syatema 741 (boiler vontilAtion l ymtbm) and 758 (proeew air 

my&an) were rawved from Aervice , the Amount of moisture at the belly 
drain significantly deore‘eed. The rbmultm of the hydro l hewed no 
lb&age from the boiler. At 1033 houre, warming procbdurem wbre 

IbstArted. 

The gae turbine warn rolled and p~rAlloled At 1705 hours. At 1803 hourm, 
water was observed coming from the secondary ash piping At the 
economizer. At thie time, A decision was made to trip the gAx turbine. 
The unit WAS then necured in 6 normal -er and preparation8 mAde to 
turn the unit over to HAintenance for outAge Activities. 

start-UD TD-sn-91-il-01 

The unit was etrttad up on ?Urch 10, 1991. The dip leg wArming 
procedure wAA InitiAted At 2206 hour8 on MArch 10, 1991. For thiA 
eturt-up, wArming flow through the SeoondAry Ash Ayetao WA. l A+Abliehed 
by pulling Air through the l ymtom by AttAching A portAble v~ouum Aouroe 
At the secondary Ash outlet pipe outside the oaobuStor penetrAtion. CAM 
recirculation via By&wane 741 (boiler ventilAtion l yStm) and 758 
(procbmn air myohm) wai initiatbd at 2215 hourA. At 0900 houre on 
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March 11, 1991, the bed preheater bypass valve, HCV-PlOO, was manually 
closed to increase boiler wall differential and, thereby, increaee 
warming flow through the dip legs. During this time, the test 
thermocouples on S21 and 824 aah line and purge air lines were showing 
cbnflicting indications as to the effectiveness of the warming 

procedures.. At 1530 hours, the vacuum source at the secondary ash 
outlet was removed and a rewree flow of heated dry air from the 
external aeh cooler was initiated. The results of thin indicated that 
all secondary ash lines wbre open and wa.rming. 

At 1658 hours, the Wart-up fans were placed in the start-up 
pree6urization mode and the gas turbine rolled to 2500 RPM. This mode 
of operation wa* continued for qproximately 45 minutee to forcb warm 
air through the dip lege. At 1742 hours, the gae turbine generator wae 
paralleled and air flow established through the combuator. At 2348, the 
bed preheater was placed in Service and inxnediately tripped due to high, 
burner temperatures. At this time, it became apparent that the boiler 
wall differential wall Significantly lower than expected for this mode of 
operation. 

At 0000 hour8 on Much 12, 1992, a cwbwtor trip wae initiated from the 
panel in order to reopen HCV-PlOO to check the change in boiler wall 
differential. At this timb, a decision VU made to remove the unit from 

service for inspeotion of cwbwtor internale to determine the rewons 

for the low boiler wall differential. 

The gas turbine wae tripped at 0212 hours , and the unit Secured in a 
normal manet. Preparations were then made to turn the unit over to 
Maintenance for outage *ctivities. 

start-m TD-SW-91-12-O& 

The unit was started up on March 12, 1991. At 1726 houre on March 12, 
1992, gas. circulation flow was eStablished to prwarm the combustor 
internale. At 1734 hours, aeoondary dip leg warming wae established. 

The gam turbine wae rolled and paralleled at 2333 hours. 8ed level wae 
then increaaed to 28 inches. At 0804 houra on Much 13, 1991, an oil 
fire was established. The steam turbine wee rolled at 1018 houre. A 

steam turbine trip was generated at 1120 hours when the generator field 
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automatic circuit breaker was closed. Inveetigation revealed no 
problems with this automatic circuit breaker and the turbine was then 
rolled and paralleled at 1240 houre. 

Sorbent injection was initiated at 1245 hour@ via the weLit line. At 

1251 hours, fuel injection wu initiated. 

At 1328 hours, a gam twbino trip wAe l xpArienced due to l eurqe of the 
high prbwure comprea8or. Investigation revealed that a gaS turbine 
control cud had felled. 

The unit VU woured in a normal -br and preparation* made to rentart 
the unit. 

Start-UD 'l!D-SU-91-12-02 

The unit wan steed up on March 13, 1991. The gan turbine warn rolled 
and paralleled at 2146 hours on Xarch 13, 1991. The bed preheater was 
placed in service at 0144 hours on MArch 14, 1991. The Steam turbine 
was rolled and paralleled at 0429 hours. At 0447 harm, morbent 
injection wan initiated via the we& line. Fuel injection W~EI initiated 

at 0453 hours. 

Over the next mevera hours, bed level warn increamed to an indicated 70 
inches and conditions allowed to stabilise. At 1042 hour-, the main 
steam temperature control wae placed in rutomatic. At 1043 hours, the 
boiler circulation pump wa.~ removed from Service and once-through 
operation establiShed. At 1152 houra, morbent feed rate was increased 
due to a suspected firb in primly cyclone Pll And Pl7. The result of 

this wae an increase in cyclone temperaturem. At thim point, morbent 
flow warn then dbcreamod and air flow increased. Thim resulted in a 
decreame in cyclone temperatures. At 1532 hours, the stew turbine 
voltage regulator was placed in Automatic. At 1550 hourS, the vertical 
Aeparator level control valve warn placed in autcuatic and Set to control 
the vertical separator level At less than 7 fbbt. At 1554 hours, the tl 
paste pump warn blamed to 0.7. ThiS action appaarod to alSo help the 
fire in Pl7 cyclone. 

The unit WAS held At A #tab10 load for app?oxWtely 12 hour*. 
Beginning At 2209 houro, probla with the west sorbont rotary fmoder 
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wbre experienced. Over the next three houra, this feeder tripped a 
total of four times. Investigation revealed that the feeder was 
mechanically binding. The feeder wae operated eeveral times in the 
forward and reverse directions locally , and Maintenance loosened the 
packing at the shaft penetrations. These actions resolved the problem. 
The west injection line wa@ returned to service at 0241 hourm on March 
14, 1991, and no further problem were experienced. 

At 0538 hours, the deAerAtor steam supply warn trmaferrad from pegging 

Station **CM to StatfOb **A” (auxiliary steam to sixth stage extractions). 

Cver the next meveral hours, bed level warn increwed to an indicated 
level of 95 inchee. At 1133 hours, the mteae turbine generator was 
placed in automatic. At 1331 hours, the rupture diA@LrAgm At the V-102 
orifice failed. Prior to this failure, ah aah leak had developed on the 
rotary feeder and thim feeder had been removed from service for 
maintenance. An inmediate load decrease was initiated. At 1345 houre, 
the boiler circulation pump auto started. At 1402 houra, auxiliary 

power warn transferred from normal to reserve. At 1407 hours, a 
coebumtor trip occurred due to high bed twpbrature. 

At 1431 hours, the gam turbilu was tripped by operator action. The unit 

warn 8ecured in a nomal -er and preparation eade to release the unit 
to Maintenance for out*ge activitie8. 

StWCt-UD -fD-su-91-13-01 

The unit was stared on April 1, 1991. The gas turbine was rolled and 
paralleled at 1355 hours. At 2140 hours. the bed preheater was placed 
in service. At 0006 hours on April 2, 1991, the stem turbine was 
rolled and pakleled. 

At 0719 hours, fuel injection warn initiated. The #l and 66 paste pumps 
started, the other puepm were blocked frun starting due to the low 
splitting air flow not being tuned out when the revimd splitting air 
flow control whew WA# implemented. Am a Zemult of thin, the function 
group warn orderbd off. Thin reeulted in an increamed d-d for 
splitting air flow to prevent a backflow of material into the nozzles. 
At thin time, the splitting air mmprb~sor WAN in WAlWAL UtiLOAD” and 

was, therefore, unable to supply this deeand. This resulted in a 
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eombustor trip at 0721 houre. 

The unit was eecured in a normal manner and at 0758 hourn, the bed 
preheater was returned to remice. At 0922 hours, the steam turbine was 
rolled and paralleled. At 1014 hours, sorbbnt injection flow was 

established via the east line. At 1028 houra, fuel injection WAB 
established. 

At 1618 hours, thb unit "Am truwferred to once-through operation. Over 
the next meveral houra, bed level we. increAmed to 91 inchem. At 0313 
houra on April 3, 1991, A canbwtor trip wee bxpbriencbd due to all 
three vertical eepuator level 5.nstnuwntm &cuing out of rango. Thim 
ww due to a low vertical sbpuator level c~uwd by level m&zags during 
once-through operation. 

The unit wea mecured in l normal manner and preparation. wre made to 
restart the unit. At 0434 hours, the bed preheater warn placed in 
oarvice. At 0706 hourm, l orbent injection was initi‘ted vie the east 
line. At 0716 hours, fuel injection was initiated. On l tuting, 611 
six fuel lines indicated e high line differential premaure and thm 
function group was order& off. At 1010 hours, the #team turbine wbs 
rolled and phralleled. Purl injection warn l ttwptbd sbvbral timem with 
high line differential premmure rmmulting. At thim timb, water warn 
added to the pwte tank. Thim resulted in the fuel line differential 
premure decreasing to normal. 

At 1731 hourn, the unit wae transferred to once-through operation. Over 
the next eeverol hours; bbd level was increased to 97 inches. At 2130 
hours, it bbcamb apparent that wconduy cyclonb S23 had pluggbd. At 

2344 hours, the vertical separator bypaw valve warn opbned. Thim 
resulted in an upmet to boiler prewure and et 2350 hour*, this valve 
was recloeed. 

At 0115 hours, a slow increase in bed level wee initiatbd to determine 
the upper operating limit. Aa kd level increamed, the gas tbmpbrature 

to the IiPT approached the maximum limit. At this thb, bbd tbmpbrature 
met point warn gradually deaeaaed to 1515%. At approximately 0115 
hours, woonduy cyclone 523 dip leg end A8h cooler temperatures began 
to incre*se. Over the next hour, it appwred thet thie cyclone had 
cleared itself of the pluggage. 
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At 0258 hours, bed level had reached a level of 106 inchen. At this 
time, a bed level decrease was initiated to rrtabilize conditiona. At 
0259, a gas turbine trip was experienced due to high temperature 
(1058%) at the LPT inlet. 

The unit wae secured in a normal manna and preparations were made to 
release the unit to maintenance for outage activitiee. 

Statt-DD TD-8U-91-14-O& 

The gas turbine wae rolled and paralleled at 0017 hours on April 19, 
1991. Air preheating requirbmbnts were met and the bed preheater placed 
in memice at 0759 hours. At 0800 hours, a gas turbine trip W~CJ 
experienced due to high fictive disc temperatures. 

The unit VIM mecured in a normal manner and preparations were made to 
restart the unit. 

Start-UD TD-SU-91-14-02 

The unit wae restarted on April 19, 1991. The gas turbine was rolled 
and paralleled at 1132 hours. At 1211 hours, A gas turbine trip wae 
initiatbd by thb OpWAtOr. This warn due to a leak at the System 271 aah 
sampler conneotion. 

The unit wae eecured and preparations made for maintenance to repair the 
leak. 

StSZt-UD m-SU-91-15-01 

The unit wae restarted on April 19, 1991. The gas turbine vu rolled 
and paralleled at 1527 hours. At 1558 hours, a gas turbine trip was 
initiated by the operator. This wae due again to a leak at the Syetem 
271 ash sampler connection. 

The unit wae l oured and preparations were made for maintenance to 
repair the leak. 
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The unit was restarted on April 19, 1991. The gas turbine warn rolled 
and paralleled at 1920 hour.. The bed preheater was placed in service 
at 2250 hours. 

At 0309 hour. on April 20, 1991, the steam turbine warn rolled and 
paralleled. At 0355 hour., l orbent injection warn initiated via the east 
line. At 0405 hour., fuel injection warn initiated. 

Ovbr the next moveral hours, bed level was increaebd to 65 inohem and 
preparations were made to transfer to once-through opmration. At 1247 
hour., the boiler circulation pump was removed from se~ice and once- 
through operation ecrtabliehed. 

Bed level warn raibed to 90 inchem by l combination of bbd reinjection 
and eorbent injection. During thim time period, the following 
activities were pbrfonmd: 

1. 8plitting air flw was reduced to .3 of the original curve. 
2. Economiser teat wotblwer warn oporatrd two time8 and data taken. 
3. &l&intenance repaired A leak on the bxpMsion joint on the bottom 

of the met l orknt injeotion vemsel. 
4. BiAB@d paste pump flows to obtain optimum kd tbmpbrature 

dietribution. 

At 2300 hourm, the bed ash removal l ymtw was placed in manual and bed 
level allowed to begin increaming from l orknt injection. At 0030 hours 
on April 21, 1991, thb bed level intirbaee wee l toppbd at 105 inches and 

operating data warn taken. 

At 0137 hourm, bed level was decreased to 100 inches due to secondary 
cyclone. #22 and 123 dip lag temperature8 increaming above frwboerd 

tbmpenture. During thie period, the moieture content of the fuel was 
reduced from l pproxktely 29 percent to approximately 26 pmroont. Thie 
action lowered the cyclone tempbraturem. 

At 0228 houre, the bed level WA‘ allowed to tmgin increAming from 
morbent injection. At 0350 houre, splitting air flow WAS further 
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reduced from .3 to .25 of the original curve. At approximately 0700 
hour., a bed level of 126 inchem was achieved. Over the next one and 
one half hour., bed temperature .et point warn gradually increamed from 
1525' to 15609. At 1560%, the gAS turbine inlet temperature was 
observed to be approaohing it8 limit. Due to this, the bed temperature 
met point wAe grAdUAlly reduced to 1527OF. 

8ed level warn thbn *lowly reduced to 80 inchem. A. bed level was 
rducmd, the boiler and bed twpbrature distribution deteriorated and 

bed level indication became erratic. 

At 2050 hours, the boiler circulation pump warn placed in .ervice. At 

2103 hour., A bed level decrease to 65 inches wa. initiated. At 2128 
hours, the combuetor tripped on low bed temperature8 in zone one due to 

partial defluidisation of the bed (outage inspeotions revealed %ggl* 
minter formation Ln the bed). The eteam turbine was tripped at 2129 
hour.. 

At 0105 hour. on April 22, 1991, the gae turbine warn tripped via the 
panel bush button. The unit warn sboured in a normal manner and 

preparation8 made to releaee the unit to mainto-• for outage 

activitiee. 

start-u0 TD-SW-91-17-O& 

The unit was mtarted up on April 25, 1991. While eetting up equipment 
for the start-up, an unusual hissing noiee wae heard while racking in 
VCB lC2 (one of the gas turbine generator breaker.). Initial 
inoeetigatione led us to believe that the phaee t3 vacuum interrupter 
had failed. A Siemens representative wa. summoned to the mite. The 
breaker was di.aaeembled and all three vacuum bottlee were teated, 
reaseembled and high potted. Theme teat8 revealed no problems. Final 
re.olution warn that am the VCB was rackbd in, the c&acitance of the VCB 
caused a himmfng no1.e am the breaker stabs camm into contact with the 
bum. 

Start-up activitie. continued on April 29, 1991. over the next two 
day., a total of four gas turbine tripe were experienced due to high 
horizontal vibration on 11 bearing. The.8 tripe occurred a. the turbine 
WAS relearned to ramp from 2500 RPM to rated epebd. An investigation w*s 
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made but revealed no physical problems , ae the indicated high vibration 
could not be mabstantiated with teat vibration equipment. The turbine 
MB euccessfully rolled to rated speed and paralleled at 0919 hours on 
MAY 1, 1991. 

At 1800 hourn, the bad preheater wee placed in service. The ateam 
turbine was rolled and paralleled at 2012 houre. At 2131 hours, eorbent 
injection wae eatabliehed via the west line. Fuel injeotion WAN 
initiated at 2137 hours. Bed level wee then inCrbASbd to 45 inehee. 

At 0316 hours on Hey 2, 1991, bed level w‘s increemed to 65 inches end 
the unit treneferred to once-through operation. At 0512 hours, kd 
level warn increased to 75 inches and conditions stabilired. Thie 
condition wae maintained for approximetely eight hours while the eteam 
turbine wee warmed to meet ovorspeed requirbwntm. 

At 1102 hours, a bed level decrease wee initiated in preparation for 
steam turbine overspeed teete. At 1309 hour., the stow turbine 
generator was removed from parallel. Gvbr the next two hours, the 
following teats were completed. 

1. Steam turbine governor high and low speed stopm chbcked. 
2. 8team turbine ovbrepwde checked: 

Teet 11 1911 RPM 
Test I2 1908 RPM 
Tetat t3 1907 RFM 

At 1556 hourn, the #team turbine wee paralleled with the mymtw and 
eta&up activities continued. Over the next eight hours, bed level wee 
increamed to 123 Fnches in preparation for l loos of feedwater (boiler 
injection) test. 

At 0004 hourn'on nay 3, 1991, the fbedwater flow control valve (FCV- 

FlOO) was placed in manual and clooed to initiate a loam of feedwater. 
At thim time, the following tripe were experienced am lieted. 

1. Cwbustor trip. 
2. Steam turbine trip. 
3. Gas turbine trip. 

Tidd PFBC Demonstration Projbot 
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The test was uneuccemsful due to logic end control problems. Changes 
were made to the logicm end controls baaed on the test end plans made 

for another test. 

Start-UD TD-SW-91-18-01 

The unit wee started up on Hey 15, 1991, for the purpoee of tooting the 
boiler injection eyetem. 

The ges turbinb wee rolled end perelleled et 1001 hours on May 16, 1991. 
Red level warn then increamed to 26 inches end an oil fire esteblished et 
1537 hour.. The ateam turbine wee rolled and puelleled at 1835 hour.. 
Sorbant injection wee initieted vie the east line at 1937 hours. Fuel 
iajoction was initietd at 1942 hours. 

Over the next several hours, bed level wee increesed to 65 inchee. At 
2359 hours, a gas turbine trip wes l eperienoed due to high vibretion on 

the epicyclic geer housing. Inveetigetion revealed thAt this wee again 
A fa1.b indicetion. The unit WAS mecured in A nomel -et end 
preperetions were made to reetert the unit. 

StZXt-UD TD-SW-91-18-02 

The unit wee l terted up on Hey 17, 1991, for the purpose of teeting the 
boiler injection mystem. 

The gas turbine we8 rolled and paralleled et 0816 hours. At 0910, the 
bed level was reduced to 26 inches. An oil fire wee established et 1212 
houre. At 1523 hours, the steem turbine wee rolled end puelleled. At 
1539 hours, morbent injection wee initieted vie the l est line. At 1614 
houre, fuel injection wee initieted. At 1617 hours, the #5 paste pump 
tripped dye to high fuel line differentiel preeeure. Gwr the next one 

end one helf hours, attempt8 vmre mede to cleer the #5 peete line. When 
this did not prove successful , e decision wee mede to trip the combustor 

at 1754 hour.. 

The gee turbine wee then tripped et 1904 hour8 end preperetione made for 

meintenence to mechenically clem the 15 pest8 line. 
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start-Uu TD-su-91-19-01 

The unit wae started up on May 17, 1991, for the purpoee of tasting the 
boiler injection system. 

The gas turbine wan rolled at 2325 hours and at 2333 hourm, tripped due 
to high vibration on the LPC #1 bearing rear horizontal pickup. The paa 
turbine warn rolled and pualloled on May 18, 1991 at 0022 hours. 

An oil fire warn eetablimhod at 0208 hourm. The atom turbine we* rolled 
and paralleled at Of20 hours. At 0545 hours, l orbent injection wa* 
initiated via the met line. At 0553 hours, fuel injection was 
initiated. 

Over the next thru hours, hod level warn increamed to 70 inches. cnce- 
through operation was achieved at 0856 hours. 

Bed level warn allowed to increamo via fuel and l orbent injection. At 

1345 hourm, the vertical l epuator bypaw valve (WV-B205A) wan opened. 
At 1348 houra, this valve trippod clomed due to bad steam quality 
indication. Thim warn dotemined to bo false and the valve warn reopened 
at 1353 hours. 

During the period of tian that hod love1 was heroming, mumrow tripe 
of the fuel preparation l ymtem were l xperioncd. Thi# led to a decrease 
in pas&s tank level to one inch. 

At 1634 hours, the boiler injection test wee initiated by manually 
closing~the feedwater flow control valw (XV-FlOO). Thin action 
initiated a gam turbine trip with l tiafactory operation of all boiler 
protection =Fhemee. 

At 1850 houre, the feedwater flowcontrol valve was returned to seroice 
and feedwater flow eetabliehed. The unit was mecured in a normal -or 
and preparation* made to remtut thm gu turbine to ranova the bed 
material to the bed aeh rdnjmction oeeeela. 

The unit wee 8thrted up on Uay 19, 1991. Ccmbuetor warming warn 
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initiated at 1112 hours. 

The gas turbine was rolled and paralleled at 0134 hours on may 20, 1991. 
An oil fire warn eatabliahed at 0715 hours. The steam turbine was rolled 
and paralleled at 1046. hours. Sorbent injection was initiated at 1145 
hours. Fuel injection was initiated at 1152 hours. The #l and 16 paate 
pumps showed over hydraulic pressure (plugged linen) and the function 
group wae placed in tha bff position inrmediately. 

While investigating the problems with tl and #6 fuel linee, low 
Splitting air flow wan indicated on both lines which initiated a 
combuator trip. 

Investigation revealed that the tl and 16 fuel linee were plugged. The 
combuator was cooled via the gaS turbine. At 1318 houre, the gas 

turbine was tripped and preparation8 were made to release the unit to 

maintenance for cleaning the obstructed fuel lines. 

Start-DO TD-su-91-20-01 

The unit wae Started up on Hay 20, 1991. The gam turbixm warn rolled ad 
paralleled at 2025 hour*. At 2331 houre, an oil firm was l stabliahed. 

At 0247 hour0 on Xay 21, 1991, the Steam turbine was rolled and 

paralleled. Sorbent injection warn initiated at 0324 hours. Fuel 
injection was initiated at 0326 houtm. At 0327 hours, fuel injection 
was etopped due to a plugged line on 15 paete pump. At,0350 hours, 
aorbent injection etopped. At 0359, eorbent injection wae returned to 
service. After reversing all six paste pumps and clean blowing all six 
paste lines, fuel injection was initiated at 0406 hours with no further 
problema. 

Sed level wae then increamed to 70 inchea and at 0602 hours, once- 
through operation was achieved. 

At this time, bed level warn further increased to 90 inches and held for 
the next 40 houra. During this time period, the following activities 
were performed. 
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1. Systems tuning. 
2. Check for effete of turbulence on lower vertical separator level 

taps. 
3. Increasing bed temperature. 
4. Testing the bed reinjection l yatem bed level control. 
5. opening and closing vertical separator bypaaa valve to determine 

effete on boiler operation. 
6. Varying splitting air flow to determine l ffoctm on cccbuation. 

At 1413 houra on May 23, 1991, a bed level increar to 100 iachea we, 
initiated. At 1700 houra, a leak wee diecovered in the l orbent 
injection piping. At 1711 hour*, a bed level decreaae wee initiated and 
auxiliary powu warn transferred to tha reserve l ouroe. At 1716 houre, a 
combustor trip wee initiated due to the l orbent l yatem leak. 

The combustor warn cooled via the gem turbine and the gee turbine wee 
tripped at 2012 hourm. Preparationa wmre then made to releaee the unit 
to maintenance for outage activities. 

start o,TD -ll -su-91-21-01 

The unit was atarted up on June 2, 1991. The gee turbine wee rolled and 
paralleled at 0112 hours on June 3, 1991. The bed prehuter wee placed 
in l ervice at 0754 hour8. At 0714 hourm, the LPC wea injected with 
Carboblamt material. Thie appeared to have no negative l ffwt on gas 
turbine operation. At 0033 hours, the LPC wee injected a l econd time 
with Carboblast. The bed preheater was placed in q ervice at 0659 houra. 
The etaam turbine wee rolled and paralleled at 1226 hourm. 

At 1447 houra, the weat eorbent injection line waa placed in hervice to 
test single line operation. At 1510 houra, l orbant injection wee 

trmmferred to the meat line due to pluggage in the west vemael. At 

1532 houre, the weat line we. returned to service and unplugged by 
closing the equaliring line and preaeuriaing the oeeael by opening the 
fluidizing line. 

At 1714 houre, the fuel injection function group waa plaad in momice. 

The function group we. then taken back off due to (2 put@ liaa being 

plugged. At 1720 houra, aorbent injectionwam l topped while the #2 
paste line was clean blown. 
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At 1820 hours, sorbant injection was initiated via the west line. At 
1821 houra, fuel injection warn initiated. At thia time, the #l paste 
pump wan determined to be not pumping. At 1907 hours, the combustor who 
tripped by the operator due to one bed temperature being above 17009 
and unstable evaporator tube temperatures. 

At 2025 houra, the bed preheater wea placed in service. At 2305 hours, 
the steam turbine warn rolled and paralleled. At 2319 hours, sorbent 
injeCtiOn was innitihtSd Vi6 the west line. At 2320 hours, fuel 
injection was initiated. 

At 2350 hours, a bed level increase to 45 inches was initiated. At 0051 
hours, the eanbwtor warn trippmd by the operator, due to (11 primary ash 
cyclone pluggage. Thim pluggage waa suspected to have been caused by 
the modified norbent nozzle “T”m which had been installed during the 
outage. The unit waa then cooled down via the gas turbine. The gas 
turbine was thmn tripped at 0208 houra and the unit released to 
Maintenance for outage work. 

Start-On TD-80-91-22-01 

The unit was l tartmd up on June 5, 1991. The gas turbine was rolled and 
paralleled at 1221 hours on June 6, 1991. The bed preheater was placed 
in service at 2055 hours. The steam turbine was rolled and paralleled 
at 2336 hours. 

At 0343 hours on June 7, 1991, the fuel injection function group wee 
placed in service. At 0346 houra, the function group was taken back off 
due to #2 paste line being plugged. After the line was clean blown, the 
function group warn placed in l erofce at 0419. 

At 0500 houra, aorbent injection waa initiated using the wemt line. 

Bed level was gradually increaud to 70 inches. A low velocity test warn 
performed on thm aorbent injection l yetm. The tramport air flow wea 

slowly lowered and when the velocity reached 12 feet per second, the 
line appeared to plug and the volocity was fncreaeed back to the normal 
netting of 26 feet per second. At 0955, it was observed that, (25 
secondary cyclone appeared to be plugged. The #3 paste pump was tripped 
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at 1123 hours to teat the effects of loosing a paste pump. The 
combustor waa tripped at 1128 hours because of high bed temperatures. 

The gee turbine tripped at 1132 because of a LPC murge. The gem turbine 
lube oil system wee removed from service to repair a leak on the gear 
piping. The lube oil system wee returned to service and the gee turbine 
restarted at 1629 houra to cool the combustor. The gem turbine was then 
trippod at 2324 and cooling wee continued with combuator cooling and 
releaSed to Maintenance. 

Start-Um TD-SU-91-23-01 

The unit was started up on Juno 12, 1991. The gas turbine warn rolled 
and paralleled at 0915 houra on June 12, 1991. Probleme were 
experienced with the LPT inlet guide vane position amplifier and the 
turbine was tripped from the UCS at 1233 hours. This problem warn 
corrected and the gem turbine waa restarted and paralleled at 1752 
houra. The bed preheater waa placed in l ervfce at 2236 hours. The 
Steam turbine wee rolled and paralleled at 0201 hourm on June 13, 1991. 

At 0243 houre, the fuel injection function group waa placed in service. 
Sorbent injection was initiatad using the l aSt line at 0312. Bad level 
was gradually increamed to 90 inches with the bed aSh refnjection 

mymtem. Problems were experienced when 63 and 15 coal paate pumpe 

tripped because of low splitting air flow. 

Secondary ash cyclonea 124 and (26 indicated that they were at least 
partially plugged. 

At 0427 on June 15, 1991, the combustor tripped on gee ClUning l ymtm 
tomperaturea because of a loam of camnunicationa with the safety node. 
During the cooling period, the gas turbine tripped becauu of the LFC 
presaure ratio trip. Once of the gee turbine bypaaa valves (IiCV-Tl20) 
etuck at approxtiately 25t open. The CombuatOr cooling waa completed 
with the boiler ventilation eyetem and the combuator cooling fan for 

maintenance outage work. 

Start-Ua TD-8U-91-24-01 

The unit warn started up on June 24, 1991, to porfozm the mtack 
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monitoring teat, to determine the duet loading before and after the 
precipitator, to perform testing for boiler tube surface evaluation, and 
to teat aorbent utilitation. 

The gee turbine was rolled and paralleled at 0338 houre on June 24, 
1991. The combuetor wee warmed and the bed preheater was placed in 
memice at 0952 hours. The steam turbine was rolled and paralleled at 
1248 hours. 

At 1301 houra, the morbent injection function group was placed in 
urvice using the east line. Coal injection was initiated at 1307 
hours. The #2 paste pump injection line required clean blowing to clean 
the nozzle and was put i.n l orvice at 1337 hours. Plugging problems were 

experienced with the west l orbent injection veaeel outlet to the rotary 
feeder and in the tramport line after the isolation valve. Bed level 
waa gradually increased to 126 inches with the bed ash reinjection 
system and norbent injection over the next day. Secondary aah cyclones 
122 and (23 indicated high twperaturu during this period of operation. 

Preliminary data was collected on June 25 at full bed height for the 
boiler surface evaluation and morbent utflfzation. 

At 0818 on June 26, the (2 coal injection line plugged causing a bed 
tmmperature upmet. Temperaturee increased on the #12, #22 and #23 
cyclonea, remlting in a cwbu8tor trip at 0826 houra. 

The bed level wee lowered for bed preheater eta& and at 1531 on June 
26, an .oFl fire was establiehed. The etaam turbine wee rolled and 
paralleled at 1852 hours. Sorbent injection wan started with the weat 
line at 1746 hours and coal injection was attempted at 1856 hours. 
Problem6 with coal injection 1fneS being plugged 02, #4, #5 and #6) 
delayed coal fire. Finally at 0224 on June 27, a coal fire was 
l etabliahed. At 0716 hour‘, the #2 coal injactton line plugged. Thie 
resulted in high hod temperatures and the ccuubuetor was trfp$ed from the 
control panel at 0724 houre. At 0727 hours, the gas turbine tripped 
because of a LPC! pre*aure ratio trip. The bad was inerted with nitrogen 
and coold with gas circulation. Maintenance cleaned the coal injection 
linen and the coal paate pump. ware alao cleaned. Water was added to 
the paate tank to increase moisture content to make it more pumpable. 
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The unit was resttied on June 28, 1991, following the mechanical 
cleaning of the fuel lines. The gas turbine warn rolled and paralleled 
at 0434 hour.. The bed level was lowered and the bed preheater waa 
placed in norvice at 0817 hours. The steam turbine was rolled and 
paralleled at 1048 hours. 

At 1117 hours, the morbent injection function group was placed in 
service wing the meat line. Coal injection was initiated at 1120 
hours. Bed level wee gradually increased to 110 inches with the ked aah 
reinjection mystem and l orbent injection. Bed level waa then increamed 
with only morbent injection to 110 inohee. During thfe time, 122 and 
123 secondary cyclones temporaturem increased to near the limit. Bed 
level wee lowered to 100 inchem in an attempt to lower theme 
temperatures. The bed temperature set point waa alao lowered from 1540 
to 1535 degrees for the same roaxon. 

During the early hours of June 29, problems were encountered on the fuel 
preparation myatom. Thm acrew fnder tripped and the crusher roll gap 

mkow tripped the crusher driveo. !fhe hod level was lowmrmd to 90 inches 
at this time to reduce coal demand in order for the preparation eymtom 
to keep up with usage while the problow were being addressed. 

Adjustment6 were made to the crumhmr &iv08 and shortly after noon, the 
fuel preparation crystem uemed to be able to remain in service and keep 
ahead of the demand for a higher bed level. At 1204 hours, the #3 coal 
paste pump tripped because of low aplitting air flow. This pump we8 
quickly returned to service before the bed temperaturem~became spread. 
The bed level was increased to 100 inches. At 1608, the (3 coal paste 
pump tripped again and was again returned to service. At this time, it 
was determined that I3 pump was tripped due to low splitting air flow 
caused by blowing the sootblowers , which take air from the aplitting air 
system. 

The LPT gas inlet temperature was approaching the high limit and the bed 
temperature aet point was lowerad to avoid l xcemmively high tanperature. 
The bed level was increased to 126 inches. 

With ata.ble.conditiona at 126 inches bed level, bed temperature of 
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1520°, and sorbent flow demand to maintain leaa than .5 lbm/metu soI, 
the stack monitoring test who etarted at 1014 hours on June 30. This 
teat was completed at 1637 hours and a one hour precipitator particle 
size test wee conducted. During the feat of this day and the night, the 
bed level was maintained at 126 inches , and the bed temperature was 
controlled to keep the LPT inlet temperature below 1060’. The bed 
temperature set point eventually waa lowred to 1516%. 

At 0830 on July 1, precipitator testing began. Three teat8 were run, 
each lasting approximately two hours. During this time, data was alao 
collected for the tube rurface evaluation and aorbent utflization tests. 

At 2032 hours, the bd tomporature met point ~"68 lowered to 1509' 
because of high temperature in (12 primary cyclone. At 2200 houra, the 
#3 coal paate pump tripped on low splitting air flow and at 2223 hours, 
the combuator tripped due to (12 pr- cyclone tempuature high trip. 

The bed warn lowered with the bed aeh toinjection mystem and bed ash 
removal ayetam. At 0553 houra on July 2, Bailey N-90 module %Vn failed 

issuing a cwbustor trip. Maintenance cleaned the 13 and #5 coal 
injeotfon lines in preparation for a re8tart. At 1020 hours, the gas 

turbine was tripped from the MCS. When the gas turbine valves tripped 
cloeed, HCV-T121 (bypaae valve) stuck approximately 201 open. 

Inspection of the coal-water mixer revealed that the mixer blades were 

worn badly and some pieces were missing. The combustor was cooled and 

the unit releaeed to Maintenance for the planned outage. 

start-UD To-SW-91-25-01 

The unit was started on July 21, 1991. The gas turbine was rolled and 
paralleled at 2358 houra. During unit w-up, a System response rate 
test was conducted on the bed ash reinjection ayetan. Thm bed preheater 
waa initiated, but did not light. The Performance Department 

investigated the problem, but found no cause for the problem. The bed 
preheater was mucceaafully placed in service at 0842 hours on July 22, 
1991. The ateam turbine was rolled and paralleled at 1308 hours. 

Sorbent injection was initiated at 1329 hours with the east line. 
Probleme were experienced when attempting fuel injection with #l and #4 
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pumps not pumping. Sorbent injection waa removed from service, the coal 
injection lines were clean blown, and the I1 splitting air line was alao 
blown out. Sorbent injection was restarted at 1657 hours. Coal 
injection was then succeamfully initiated at 1704 houra. (A logic 
problem was found that was limiting the signal to the paste pumps.) 

At 1713 hours, the #3 coal paste pump tripped due to low splitting air 
flow. The other pumps wmre biamed in an l ttanpt to stabilfae bed 
tmmperaturea. The (3 paste line was clean blown and the Splitting air 
lines blown out with higher premmure air and nitrogen. The pump was 
then put back in l mrvice at 1938 hours. 

The east morbent injection food-r tripped twice. It was returned to 
service once, then the wee+ was placed in service l o that the east 
rotary feeder could ba repacked. 

Bed level wae increaSed to a level for once-through boiler operation, 
but was lowered when the vertical separator la-1 becama unstable. once 
again bed level waa raised, the boilor circulation pump shut off 
automatically, and oneo-through boiler operation was achiemd at 0050 
hours on July 23, 1991. Bed level was maintained at 75" with the bed 

ash reinjection system in bed level control. 

It wee observed about this tima that I16 primary cyclone was plugged. 

The gas turbine opacity waa at a higher value than normal, and the (16 
dip leg temperature and ash cooler temperaturem were much lower than the 
others. Sorbent injection was stopped for a short time in an attempt to 
unplug the cyclone, but wee unsuccessful. 

At 0306 houra, the combuetor was trippad from the MCS bacauae of the 
plugged #16 cyclone. The 8team turbine tripped at 0307 hours. 

The boiler circulation pump failed to start dum to motor overload on 
decreeming steam flow after the cmbumtor trip. Thm feedwater flow 
control was placed on hand and lowered to 100 kpph to keep the vutical 
separator level from going too high. At 0404 hours, the pea turbine 

tripped because of high fictive disk tempmraturu. 
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Start-IJu TD-SW-91-26-01 

The unit was started on July 28, 1991. The warming procedure was 
accomplished by having the secondary ash piping disconnected and pulling 
vacuum on cyclones while circulating fdwater and using boiler 
ventilation system in the warming mode until the tsmperaturu for dew 
point were exceeded. The gas turbine was rolled and paralleled at 2222 
hours. The bed preheater was initiated at 0531 hour6 on July 29, but 
did not light. The Perfo-u D epartment investigated thfa, but found 
no problem. The preheater was successfully placed in service at 0731 
hours. The steam turbine was rolled and paralleled at 1056 hours. 

Sorbent injection waS initiated at 1114 hours with the west line. Coal 
injection was initiated at 1135 hours. 

Bed level who increased toward a level for once-through boiler 
operation. Once-through boiler operation was achieved at 1648 hours, 
with an indicated bed lwel of 56 inches. Sad lwel taps looked fine, 
but the bed density seemed to be high. Sed level was maintained to 
control main steam floe at approximately 220 kpph with System 272 fn- 
bed level control. The indicated density slowly decreaaed and 

indications of bed level slowly camm together with the actual level. 

At 0307 hours on July 30, 1991, the #4 coal injection line plugged at 
the nozzle. Splitting air flow and paste flow both stopped. Over the 
next day, several attempts were made to unplug them by using different 

methods. The coal nozzle was at least partially unplugged, but the 

primary splitting air flow tube appeared to remain plugged. 

During the early hours of July 30 , the #24 cyclone appeared to have 
plugged or have significant air leakage l S widonce by the dip leg 
tempirature decreastig dramtically and the l mh cooler tanporaturem 

dropping to prewure vessel air tsmperature. At 0530 hours on July 30, 
the 112 0, analyser vent line plugged and pressurised the analyser, 
cawing damage to the pump, the cooler, and other components of the 
analyser cabinet. 

Over the neat day, bfam adjustments were made~to the rmmaiaing five 
paste pumps in an attempt to maintain an evenly distributed bed 
temperature and to control evaporator tube temperatures. Conditions 
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continued to deteriorate, with freeboard temperatures and cyclone 
temperatures increasing. The main steam attemporator biae warn used to 
help control evaporator temperatures , and finally bed temperature and 
main steam tempmrature set point8 were lowered to keep bed temperatures 
from being too high. 

~A+ 1018 hours on July 31, the motor for crusher #2 at station #3 failed. 
At 1151 hours, the deluge system on coal conveyors actuated falsely. 
The cause was determined to be a defectitn mection of Protectowke in 
the I-2 conveyor. The system was cleaned and returned to eervice with a 
standby fire watch. 

At 0515 hours on August 1 , thm combumtor was tripod because of the bed 
temperature imbalance and the inability to control temperatures. 

Bed level warn lowered by taking hod material up into the reinjection 

veseelm, and then by removing material with bed ash removal. The gee 
turbine was tripped at 1200 hours from the l4CS. The cwbumtor wee 
cooled with the boiler ventilation mystem, combumtor cooling fan, mtart- 
up fans, and condensate circulation in preparation for outaqm work. 

During the run, adjumtwntm were made to the coal crusher. Data and 
emplee were taken for evaluation to determine which l ettingm provide 

the best product. 

start-UD TD-so-91-27-01 

The unit was started on August 7, 1991. The warming procedure was 
accomplished by having the secondary ash piping disconnected and pulling 
vacuum on cyclones. The gas turbine wee rolled and pualleled at 0947 
hours on August 8. The air flow and the LPT inlet guide vane seemed 

abnormal aa the warming was continued. At 1122 hours, the gas turbine 
wee tripped as air flow wan continuing to decrease. The inlet guide 
vane control circuit was checked, hut no problem6 were found. Because 
of the nature of the failure, it was sus~cted that the position 

feedback circuit wee agaia the problem. The amplifier for this feedback 
was replaced. 
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Start-Du TD-SW-91-28-01 

Following repairs to the LPl! inlet guide vane position feedback 
amplifier, the gas turbine was rolled and paralleled again at 1717 
hours. The bed preheater we8 initiated at 2248 hours, with an oil fire 

at 2253 hours. 

The steam turbine was rolled and paralleled at 0146 hours on August 9. 
Coal injection was ixftiated at 0253 houre , air flow increased to 500 
kpph, and q orbant initiatad at 0300 hours with the east line. Sorbent 
was held until air flow was at 500 kpph to help ensure that cyclonee 
would remain clear. 

Bed Iwo1 indication and density did not seem to be normal. The level 
was slowly increased and these indications seemed to work their way to 
normal. Coal paste pump biasing was done to aqualiae bed temperatures. 

Once-through boiler operation was achieved at 1049 hours, with M 
indicated bed level of 59 inches. 

8ed level was increaud to 75 inches and sotbent flow ratm was increased 
to maintain SO1 compliance. At 2047 hours, the #4 coal pa&e pump 
tripped, apparently because of water getting into the control cabinet. 

It was returned to service at 2256 hours in manual at an 11% d-d, and 
was increased to match the others and returned to automatic. 

While cleaning the coal-water mixer on the evening of August 9, it warn 
discovered that the liner and blades were suffering from wear. Some 
q ectiona of the liner were removed to prevent thee from coming off and 
entering the paste tank. The mixer wee removed from service for 
inspection, and repairs were made am time permitted between'batch making 
of paste. (This continued until the unit tripped.) 

On August 10, the bed level was fncreaaed to a 90 inch level and 

stabilfted. At 0325 hours on August 10, the #I7 primary cyclone dip leg 
temperature increased above freeboard temperatures. Bed temperature wee 
lowered to keep the cyclone tamperaturs from getting too high and thm 
twperaturos wara clommly monitorad. 

At 0134 hours on August 12, the aorbent preparation Byhem was rmmowd 
from service and a hole was discovered in the oyclone separator. 
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Maintenance repaired this hole, and the Byetam was returned to memice. 

Bed level wee held at 90 inches because of the coal preparation ayetem 
problems, sorbent preparation rate limitations , and high temperatures on 
Cl7 cyclone. 

Relative accuracy teeta were conducted on the stack monitoring equipment 
on August 13. 

At 1639 hours on August 13, the combumtor trippod when the boiler 
depreaaurised rapidly due to a large leak in the econaniur. The steam 
turbine tripped at 1640 hours. The gee turbine was trippad at 1647 

hourm. The gaa turbine outlet duct we* flooded. Feedwater could not be 
maintained to the boiler. Bed bottom cooling waa established and bed 
material reduced. The slumped bed temperature wea 12009 at thiB time. 
Combuetor cooling was continued with the boiler ventilation and the 
process air system. 

Start-Do TD-SU-91-29-01 

The gam turbine was rolled and parilleled at 1550 hours on August 23. A 

combustor trip was expmrienced at 1608 hours when #2 and t5 splitting 
air flows went below the trip value. The combumtor trip was reset. The 
bed preheater wea initiated at 2357 hours. The steam turbine warn rolled 
at 0235 hour, on August 24. After testing the overape& oil trip when 
increasing steam flow to the turbine, a ccmbustor trip and a gas turbine 
trip were experienced becauee of low boiler circulation flow. The 
vertical aeparator level dropped very low (probably caused by the level 
control valve). The boiler circulation pump tripped on low net paaitive 
auction prewure. After nitrogen inerting and gas circulation cooling 
waa complete, the bed cooling waa completed by the procew air system in 

the air cooling mode. 

&%"?t-UD 'f,,-su-91-30-01 

The gaa turbine was rolled and paralleled at 0833 hours on August 24. 
1991. The bed preheater was initiated at 1022 hours. The steam turbine 
wea rolled and paralleled at 1408 houra. 

Fuel injection waa initiated at 1455 hours. Air flow was increased and 
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sorbont injection was initiated at 1545 hours with the west line. 

As soon as coal fire was established, it was obsemed that #17 cyclone 
dip leg temperature did not increase and the ash cooler temperaturea 
were lower than prewure vessel air temparaturm. Once-through boiler 
operation was achieved at 2226 hours , with an indicated bed level of 62 
inches. 

Am the bed level was increased, the apparent leak on 117 oycloae 
disappeared and the temperaturem came in line with the other cyclones. 

At 0549 hours on August 25, while lowering bed level with the north bed 
reinjectfon line, the vent valves stuck open causing thm bed level to 
decrease to 71 inches. At this time, l evual cyclones had fire* in 

them. Am conditions stabilised, all fires were brought under control. 

At approximately 1200 hours , it warn observed that #13 cyclone had 
Pl”W~ * Attmmptm were made to reduce the ash loading to this cyclone 
and allow it to unplug. No l uc~um was experienced. Rvidence showed 
that (23 was getting significant ash carryovmr and at 1543 hours, the 
ccmbuetor was tripped buauu of the plugged (13 and #23 cyclones. Bed 
level was first lowered by the bed ash reinjectfon l ymta, and then by 
tha bed l sb removal l yatem. 

The gas turbine was tripped at 2003 hours from the MC8 and the unit 
cooled for outage work. 

Start-W TD-SU-91-31-01 

The gas turbine was rolled and pualleled at1505 hours on Septuber 4, 
1991. The bad preheater was initiated at 0039 hours on Smptmmber 5. 

The boiler premmare control valve wai not controlling prumure and was 

placed on manual. When the pressure was caught , the vertical n parator 

level dmcroaud rapidly, causing the low net positive auction head 
preventing the boilu circulation pump frolp running. At 0149 hours, a 

canbumtor trip and a gas turbine trip werm issued because of low boiler 
circulation flow. Thm unit was s-ad and prepared to r~mtart. 
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The gaa turbine waa rolled and paralleled at 0536 hours on September 5. 
Bed level taps appeared to be plugged and the bed level was lowered and 

raised while the Performance Department worked at getting the taps 
unplugged. The bed preheater was initiated at 1442 hours. The steam 
turbine was rolled and paralleled at 1752 hours. 

Turn1 injection was initiated at 1851 hours, but the (6 pump tripped 
because of low differential pressure. The fuel lines sequenced through 
reversing and then were clean blown. Tbe function group was again 
ordered on aud a coal fire established at 2001 hours. Air flow was 
increased to 500 kpph, and scrbent injection was initiated at 2105 hours 
with the west line at minimum l m becauae of high fines in the 
morbent. 

At 2328 hours, a co&u&or and a steam turbine trip were experienced 
because of a low vertical l eparator level. At 0226 houra on Septwber 

6, an oil fire was established. The steam turbine was rolled and 
paralleled again at 0458 hours. At 0511 hours, a coal fire was 
established. 

Air flow was raised to 500 hpph, Md morbent injection was initiated at 
0613 hours with the west line. 

Bed level was increased with bed ash reinjectfcn, md once-through 
boiler operation waa achieved at 0954 hours , with au indicated bed level 
of 64 inches. Bed level was allowed to increase from morbent injection 
toward 90 inches. A bed temperature of 15459 was maintained. 

Problems were experienced ‘during this period with the coal preparation 
mystem crushers. The problem6 were trached to speed tranmmLtterm on the 
crusher motors. 

At 0220 hours, the t24 cyclone dip leg temperature was obsenwd to drop. 
This tempmrature Md the ash cooler temperaturem wre watched closely, 
and it was determined that the cyclone was not plugged because of the 
dip leg temperature still being l otive. 

A bed ash production test was conducted using the bed ash reinjection 
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system. The test was run for approximately four hours, with an average 
production rate of 8.2 kpph. 

At 0704 hours on September 7. the #6 coal paste pump tripped because of 
low differential precut.. The past. pump, the S-tub., and the high 
side of the differential premsute inetrument were cleaned. The pump wae 
returned to service at 0905 hours, with everything checking okay. At 

1020 hour=. the 13 paste pua~ tripped and w.s remtarted without any 
problems (low differential preaeure appeared to be the cause of the 

trip). 

At 1745 hours, probleem were experienced with the t6 coal paste pump 
flow control. Performence wes 'celled to inveatigete and at 0040 hours 
on September 8, the pump w.m remwed fro. metvice to replace the speed 

control card. The pump warn returned to service at 0200 hours. 

At 0805 houre, a leak was discovered on the morbent transport line and 
preparationa were amde to remove the unit from service. The combuetor 
wan tripped manually at 1205 hours, the #tee. turbine tripped at 1207 
houra. The bed eeteri.1 was taken up into the bed amh reinjeotfon 
vea~elm, and then the gas turbine wea trim at 1618 houre. 
Preparationm were made to repair the l orbent piping leek and to 
inveetigate the #6 coal peete pump n peed control problem. 

Start-Uu TD-SW-91-33-01 

The gas turbine wae rolled and paralleled at 1812 hours on September 11. 
Bed level tap Cl appeared to be plugged, and attempts to unplug it did 
not help. Tep #1 and tdp 12 were valved together. Bed level waB 
increased to 26 inchee in preperation for bed preheater lighting. At 
2345 hours, problems were noticed on the $4 coel pest. pump. UPon 
inveetigation, it warn found that part of the chrome lining of the paate 

cylinder, was coming off. 

It was decided to etop the mtert-up and mecure the unit. Bed eateri. 
frw the reinjection veseel~ warn reeoved into the bed and then taken out 
through the bed aah r-al mymtan. 

The gas turbine was tripped from the MCS at 0730 hours on September 12. 
The unit wae then released to Maintenance for the Pall outage. 
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start-UD TD-SKI-91-34-01 

Boiler circulation wee etarted at 1755 hour. on December 7, end air 
heating started at 0233 hour. on December S. The ga. turbine ea. rolled 
and paralleled at 1338 hour.. 

While running the eplitting sir oompteeeor at the reduced loading of the 
new ayetee design, the canpremmor warn noticed to heat up. A bypam 
rela and line we. terarily inmtalled back to the l orbent eir 
receiver. 

Problem were encountered with the bed prehehter lighting. One problem 

we. the needle valve l ticking , and another we. the igniter not being 
energized from the control eyetee. The bed preheater we. n ucceeefully 
fired at 0342 hours on Monday , December 9, but a combustor trip was 
experienced at 0345 when the vertical l eperator level **.well.d" and 
reeched the high level trip. 

The ccdmbuntor trip was reset and the bed preheater we, put back in 
eemice at 0430 hour.. A coabumtor trip ea. euffered at 0556 when 
boiler circulation flow decreeeed to le.. then 24 kpph. The ccmbumtor 

trip we. reeet and the bed preheater restarted et 0655 hour8. The 
temperature l et point warn kept at minimum to canply with the bed tone 

refractory curing prosedure. The bed Lone refractory owing warn 

completed. 

Problem were experienced at thi. tLDa with the vufAca1 separator level 
and were traced to the drain valve (XXV-U2OOA) l tioking. Silica wao 

high on main steam, which caused e hold until the cycle ea. cleaned 
sufficiently to proceed. 

During thi. time, the temperature. on the mecondary cyclone eeh r-.1 
eyetee indicated that at leant part of the cyclonem were plugged, and it 
war, determined to l hut down after the l parge duct relaxing to 
clean/in.pect the eeconduy cyclone.. (During the outeg., uh 
"peeling." were found in all of the l econduy cyclone pickup pot., 
except for #23). 

Aa the eteee turbine ea. rolled, the l pwd.dfd not act im nosmal, and 
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the coebumtor warn tripped to avoid further probleem with the stem. 
turbine. Upon further investigation, it was determined that the speed 
indication was faulty. At 2048 hours, the bed preheater WLB restarted. 
At 2238 hours, the steam turbine was rolled; and at 2347 hours, the 
generator warn pmralleled. 

while raising the bed preheater teeperature to the 1550" mpuge duct 
relaxing temperature point, a high wind box temperature trip wma 
l puienced at 0013 houra on December 10. The #team turbine was trip5.d 
At DO15 hours. The bed prehemtu warn restarted at 0045 hours to 
continue the n puge duct relaxing. The mpmrge duct reluation wma 
oampleted and the bed prehemter function group ordered off at 0324 
hourm. Cooling of the boLler/combustor wae continued for mmintenmnce 
outage work. 

Start-UD m-so-91-35-01 

Soiler circulation wms mtmrted at 0137 houra on Decseber 12, and air 

heating atmrted at 0700 hours. The gms turbine was rolled mnd 
pmrmll.1.d at 1330 hourm. 

The bed preheatmr oil fire wmm .mtmbli#hed mt 1837 hourm and at 1639 
hourm, the ccmbustor tripped OIL high vertical l opmrmtor level. The bed 
preheater warn remtuted with oil fire at 1901 hourm, and the caabustor 
tripped at 1902 hour8 on high ~rticml separator level. A third bed 
preheater ignition was mccaaplished mt 1925 hours, with a combustor trip 
at 1926 hours (high vertical separator level). The vertical separator 
drain valve (LCV-U2OOA) and the vertical separator pressure control 
vmlve (PCV-B200) both were found to have control problems. 

The bed preheater wmm initiated again at 1958 hourm. At 2659 hours, the 
bed level wm8 increased toward 25 inchem. 

At 2235 hours, it was decided that the tee9eraturee on #14, $24 and #25 
cyclones indicated that they were plugged. 

At 2236 hours, the co&u&or wmm tripped because of the plugged 
cyclones. The cambumtor wmm cooled and at 0103 hours on December 13, 
the gas turbine warn tripDed frcm the MCS. (Outage inspeotion of the bed 
revealed that the bed material had a high concentration of fine@ for 
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unknown reamone. 1 

Start-On TD-SW-91-36-01 

Boiler circulation wa. cltuted at 2040 hours on December 15, mnd air 
heating etarted at 0211 hour. on December 16. The gae turbine wa. 
rolled and paralleled at 1650 hour.. 

The bed preheater oil fire wa. eatabliehed At 2139 hour.. Bed l.V.1 WA. 
increamed with 274 Syetem to A l tut bed level of 25 inch.. (ueing 
*and). 

At 0200 hour. on December 17, the ateem turbine ganermtor WA* 
paralleled. Coal fire warn eeteblimhed at 0503 hour8 and l orbent 
injection started with the we.+ line At 0522 hours. 

The gae turbine eeal air vmlve. did not ewitch from the LPC n upply to 
the HPC supply and had to be phyeioally mamiated. Problem. were 61~0 
experienced with the gee turblno mir flow control again. The .ympto~& 
point to the LPT inlet guide vmne poeition feedback. 

Bed level was increamed and pumps were biamed for bed temperature 
distribution. Once-through boiler operation WA@ l etebliehed at 1226 
hour. at a bed level of 58 inch... 

At 1909 hour., a cmbumtor trip wds experienced when adjusting a 
temperature trip point on the cyclone ash removal system. All eySt.m. 
were secured And an pi1 fire etarted at 2146 hour.. We again 
experienced problem@ with the bed preheater light off, a. the n-die 
valtis. appeared to be stuck. 

start-UD TD-SW-92-01-O& 

The combuetor wa. releaeed at 1542 hour. on January S, 1992. Cam 

circulation warming warn placed in service at 1952 hourm on the same 
date. The gms turbine warn rolled up , and at 1120 hours on Jmnumry 9, 
1992, it w.8 pU6ll.l.d with the .y.t.& At 1609 hour*, U% Oil fd “A# 

achieved. At thim time, 124 cyclone l hoeed l igno of being plugged. 
Umed “mtirringw hit and mecondmry amh valve to try to get it to recover. 
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At 1951 hours, January 9, 1992, the freeboard mixing eystee was 
coneiieeioned. The system eeeeed to have a significant impact on gas 
distribution once above 600 psfg eet point. A coal fire was eetmbliehed 
at 0034 hours on January 10, 1992, and at 1910 hours, the unit went to 
once-through operation. 

At approximately 2000 hours on January 10, 1992, #24 cyclone unplugged. 
Shortly afterwArdA, it again mhowed signs that it WA&I plugged. Pulming 
the cyclone AAh l yatm Cleared it. 

At 2330 hours on January 10, 1992, the ccmbustor tripped due to a logic 
problee that indfcmted two bed temperature thermocouple. had failed. 

At 0053 hourm on Jmnumry 11, 1992, the gas turbine tripped due to a HPT 

outlet thermocouple failing high. The bed temperature urn. low at the 
time; therefore, nitrogen cooling warn not required, 

start-UD ~-su-92-01-02 

Following a trip due to m failed RPT outlet thermocouple, the gas 
turbine WAS rolled l t 0415 hourm and pmrmlleled at 0430 houra on Jmnumry 
11, 1992. An oil fir. WA. l etmblimhed At 0614 hourm. At 0944 hour., a 
coal fire warn emtmbliehed. At thfm tiam, (21, #24 and I27 cyclones 
6mU.d t0 b. plU$Jg.d. F”l8ing Of the outlet VAlV. And blowing of 
l tirring mir cleared 121 and #27 cyclonem , while 124 mhowed only a 
mlight tampons.. 

At 1231 hours on January 11, 1992, the co&u&or tripped on high bed 
temperature am a result of losing 16 paste pump. At 1432 hours, an oil 
fire was reestmblished. while bed teeperaturem were being inCrAAA.ed, 
the fuel nortle. were blown clean. 

The #2 pmmte line could not ba cleared and at 2139 hours, the bed 

preheater ~68 ehut off mnd at 2143 hours, the gas turbine "68 tripped to 
fmcilitate the Maintenance Department’A cleaning of the fuel line.. 

Start-uu TD-SW-92-02-O& 

Following the q hutdown for cleaning coal paste linen, the gas turbine 
WAS rolled at 1138 hourm on January 12, 1992. At 1501 hour., an oil 

Tidd PFBC Demonstration Project DE-FCZl- MC-24132.000 
Topical Report - Fir& Eighteen Month8 of operation Match, 1994 

38 



fire was established. Coal war lit at 2106 houre. At 2129 hourn, the 
gae turbine tripped due to the lack of a breaker statun feedbACk on a 
feed pump which logics used am a part of the loee of feedwater Acheme. 

Nitrogen inerting was required since bed temperatures were above 11009 
at the tLne of the Alump. Can recirculation mode warn required to 
further cool the bed. 

start-UD @fIh%t?-92-02-02 

The bed WAS cooled following a *lumped bed trip, Md the gms turbine wmm 

rolled at 0814 hourm on JMUUY 13, 1992. At 1443 hourm, M oil fire 
warn l etablimhed Md co61 WA. lit at 2052 hours. At 2055 hour., the fuel 
injection function group warn tmken off mince 14 pump hmd not Atmrted 
pumping. The pump warn revereed and blown clean Md at 2100 hourm, a 
coal fire warn l ntmblimhed. At thim tiw, cyclones #23, #24 Md t27 hhd 
low temperatures. At 2145 hours, the I23 cyclone teepermture. increased 

And at 2330 hour., #24 cyclone teqermturem incream&, indicating that 
they unplugged. 

At 0418 hours on JMUU~ 14, 1992, #6 pmmte pump WAS removed from 
eervice because it wa. no longer pumping. At 0638 hour., the combumtor 

tripped on low bed teeperature while (6 put8 line was being blown clean 

with nitrogen. 

The gas turbine inlet guide VMO DCS station required troublemhooting 
prior to lighting off again. 

At 2157 hours on January 14, 1992, M oil fire warn eetmbliehed and coal 
fire followed at 0258 hourm on Januuy 15, 1992. Cyclone suctfon normle 
teeperaturem were low on l23, 124, (25 Md (27. Am premmute vemeel 
presmre was increamed, the Aecondmry cyclone Amh linem cleated And by 
0600 hours, 127 was the only one remaining with A 10~ muction nozzle 

teeperature. 

Bmd level wmm increaud after the aeh inventory in the bed Aeh 
recirculmtion ammela WAS high enough to %mke a run" to l ppromimmtely 
110 inchem. By 2250 hourm on Jmnumry 15, 1992, A bed level of 

l pproximetely 115 inche. warn reached At M hit flow of 690 kpph And A 

bed tesqermture of 15609. Thim provided 406 kpph Ate&m flow And 63 
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megawatts. 

At 0030 hours on January 16, 1992. the eorbent injection system tripped 
for unknown reasone and could not be restarted. At 2042 hours, 16 paste 
pump tripped on eve= hydraulic pressure. At 0059 hours, the combustor 

~~6s tripped due to high temperature on #15 cyclone. At this time, it 
warn decided to shut down the unit and cool for inspections and 
maintenance. 

Stti-UD ~-Su-g2-03-0& 

The cwbustor was relmmmd At 1535 hours on Jmnumry 20, 1992. Gas 
circulation mode "Arming wA# established At 2220 hour*. The gas turbine 
WAS rolled At 0922 hO"rS On January 21, 1992, pmrmlleled l t 0642 hours, 
and air flow established mt 0848 houre. At 1317 hours, an oil fire WAS 

established. The steam turbine WAS rolled at 1600 hours And ln p~rmllel 
at 1652 hours. 

A corn1 fire WAS estmblished at 1652 hour. on Jmnumry 21, 1992. Air flow 
urn8 inCreAsed t0 500 kpph, and sOrknt injection plmced in se~?iCO At 

2005 hours. 

At this time, we began experiencing difficultio. with the coal crusher. 

The corn1 WAS not going through the crushu And wma bmcking up in Tl 
hopper. 

Once-through operation was mchieved at 0630 hours on January 22, 1992, 
and bed level was inCreASed. Cyclone fires were prevalent from 70 
inches bed level to mpproxie.ately'110 inches. Bad level was increased 

to 132 inches. Grou generation warn 66 megawatt. at M air flow of 710 
hpph, fuel flow of 60 kpph, Md a steam flow of 406 kpph. 

At 1547 hours, 16 pa&e pump tripod on low splitting air flow. The 
pump was restarted, but tripped again on low splitting air flow. The 
local needle valve WAS opened mnd the puep restmrted. It did not trip, 
but would not pump. The fud master stmtion was put on hand And 
h’W.t.d, pump. W.r. bfhud, .Ain AtOm t~r.tUt. #.t pOht WA. 

lOwWad, attamperator bihm WAS loweted, Md in-bed level urna ZedUCed. 

The unit was stabilised while #6 puep auotion box was cleaned mnd the 

Tidd PFBC Demonstration Project DIZ-FC21- MC-24132.000 
Topic61 Report - First Eighteen Montha of Operation Much, 1994 

40 



line blown clean. At 1646 hours, 16 pump WAS successfully returned to 
service. 

The unit required 21 hpph sorbent flow for SO, coepli~ce, and the bed 
ash ramoval system noeded~tuning to keep up. Throughout the night of 
Jmnumry 22, 1992, bed density decreased, resulting in fuel flow 
decreasing, megawatts decreasing, freeboard and CyClOne temperAturea 
decroAsing. 

Cn January 21, 1992, it appeared that the north paste tanh hmd wetter 
paste since pumps Cl, (2 and 13 line differentials were lower than 14, 
65 And #6, And the north tmnh l gitmtor amps were lower thmn the south 
tmnh agitator aeps. The Associated cyclone strings 05, (6 And (7) had 
much higher temperatures. At 1725 hourm, minters were observed in the 
bed ash. It was speculated that l ulier testing of splitting air (down 
to .65 of the curve) emy have caused the nintere. 

At 1955 hours on January 23, 1992, (25 cyclone teepermtures 611 dropped, 
indicating a plug. 

On January 24, 1992, core problem were encountered with the crusher not 

tahing coal. By the evening of Juruuy 24, 1992, the CWP tank level was 
approaching the low Alum point. Bed level was dropped rapidly, while 
the crusher was returned to the “old” mode of operation. Tank level warn 
at "0" inches before the fuel preparation systee began gaining on the 
tank level. 

At 1407 hours on January 25, 1992, the 'unit tripped due to a BDD 
operation (trmnsforeer lA differential protection) while starting a feed 

pump. (Later investigation showed 1OA Md 108 auxiliary transformer 
CT's polarity were reversed.) The gas turbine also tripped due to ECV- 
Tl20 (an intercept/bypass valve) coming off of its open lieit switch. 
This occurred due to a drop in voltage at the trip when auxiliaries 
transferred in the middle of starting the south boiler feed pump. The 
voltage drop caused the control fluid puep breaher to open, which 
resulted in IICV-T120 moving. 

Ritrogen inerting WAS required And gAs re-2irculAtiOn WA. used to cool 
the bed. The unit was mecured in preparation for A eaintenmnoe outage. 
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StJXCt-UD ~-su-92-0‘,-01 

The combustor WAS released at 1600 hours on February 2. 1992. GA* 
circulation mode warming was established at 2124 hours. The gas turbine 
~68 rolled on February 3, 1992 at 0939 hours Md pmrallelod at 0952 
hours. The valves were opened to establish air flow at 1003 houro. 

An oil fire was established At 1444 hours on Februuy 3, 1992, the steam 
turbine WAS rolled At 1703 hours And pArAlloled At 1759 hours. 
ISstmblishing A start bed took longer than norem As it seewd that bed 
ash reinjection vemsels hmd An mbnonamlly high amount of fin* eaterial. 
A coal fire WAS established at 0052 hours on February 4, 1992. Sorbent 
injection wmm placed in service At 0152 hours. 

On February 4, 1992 At 1120 hours, #6 pmste puep stopped pumping for a 
short period And then sta.rt.d pumping Aghi,,. 

Once-through operation was mchfeved at 1514 hours on Fmbruary 4, 1992. 

Bed level was incremwd to 120 inches with no evidence of cyclone fires. 
At 2000 hours on February 4, 1992, bed level WA* increased to 126 
inch... Sy 2155 hours, bed level had been incremwd but to 133 inches. 

At 0528 hours on February 5, 1992, the #4 paste pump trippsd on low 
splitting Air floe. The puep WAC! restarted And begmn pumping Again. 

The east eorbent injection feeder packing blew out and had to be 
changed. This required single line operation on sorbont injection. To 
vent, refill, repreneurize And place back in service required 18 
minut.~. 

The bed level urna brought up to mluost 140 inches eatly the morning of 
Febbruary 6, 1992, to check the effect of highu bed level on cyclone 
inlet teeperatures. This was puforwd at A bed taapetature of 1525*. 
In generml, conditions were worse than at 130 inches and highor bed 
temperature; therefore, bed level WAS deoremmed back to 130 inches. 

The StACk monitoring eguipwnt testing WA. conducted on Fridmy, February 

7, 1992. The unit operated seoothly throughout the test, Although 
sintere were found in the bed ash samples. Emrly Saturday morning, 
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February 6, 1992, the #5 paste puep became erratic. It ran until 1431 
hours when it came into alare and stopped pun&g. At 1435 hours, it 
was restarted and it began pumping once again. 

The unit ran along fairly smooth the remainder of the weekend, with the 
exception that it appeared that a sorbent accumulation in the tube 

bundle was developing. 

Evaporator tub. temperatures, in the mrem of the north sorbent injection 
norale, indicated that heat transfer was not very good in this uea. 
(OUtAge iMpWtiOn revealed a l OrbMt ACOUWlatiOn in this mrea.) 

On l6ondAy, February 10, 1992 At 1059 hours, the CombustOr wm(l manually 
tripped by the operator due to 30 kpph mismatch in ateam flew versus 

feedwater flow Md nueerous superheater tube temperature high alarms. 

It was later discovered that two economiser pteuure transmitter impulse 
lines had separated at union fittings and the water flow was blowing to 
atmosphere. The unit WAS cooled down in a nonaml -et in prepumtion 
for a maintenance outage. 

start-UD TD-SD-92-05-01 

The combustor was released on February 15, 1992 l t 2003 hours. At 2346 
hours, gas recirculation was placed in service to warm the combuatot. 

The gas turbine was rolled on Februmry 15, 1992 At 1650 hourm, Md 
paralleled at 1705 hours. Air flow WAS established 11 minutes later. 
The bed preheater was lit at 2144 hours, but tripped on low temperature 

on #l burner. At 2156 hours, another atteept resulted in no flmee. At 
2212 hours, M oil fire was successful. At 2243 hours on Februmry 16, 
1992, the gas turbine tripped due to l logic problaa. 

Following the gas turbine trip on Februmxy 16, 1992, the gam turbine wan 
rolled at 0312 houra on February 17, 1992. The turbine em8 plrAll.1.d 
at 0332 hours, Md M oil fire WA. estmblishod l t 0406 hours. After oil 
firing, tempuaturem on the cyclone l sh system shoeed thmt #22 mnd 126 
cyclones were open, but the other secondary cyclones were plugged. The 
cyclones were pulsed and 611 but #23 wue clemred. 
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At 1809 hours on February 17, 1992, Coal injection was placed in 
service. At 1903 hours, a coal fire was established. At 2000 hours, 
air flow was increased to 506 kpph. At this time, C23 cyclone cleared. 
At 2146 hour., sorbent injection was placed in service. NO obvious 
effects of the new “T”s in the sotbent feed nozzles and skateboards were 
imnvdihtdy apparent. The unit was brought to 50 inch bed level for 

testing. 

A freebomrd mixing steam test WA‘ run , which indicated thht 650 to 750 
prig is the best pressure tmnge for gas distribution.' 

At 2000 hours on February 18, 1992, A splitting air test wms conducted. 
which indicmted thmt 1.5 timem our original curve ia best at thio 50 
inch bed level. 

Sorbent teeting WAS started at 0930 hours on Februmry 19, 1992, to 
l valumte the effects of single nozzle feed. 

At 1900 hours on February 19, 1992, the bed level dropped 10 inches 
rapidly, mnd the south bed ash r-ml systee tripped on high 
t..p.r.tur.. 

At 0300 hours on February 20, 1992, bed level WAS fncremsed with intent 
to co.. to 125 inch... Once-through operation occurred at 0350 hours. 

At 0911 hours, a bed level of 125 inches was reached. Evaporator tube 
temperatures indicated the presence of a sorbent accumulation in the 
tube bundle. 

Paste pump biases were changed to neaz 1.0 on all six pumps. At 1619 
hours on February 20, 1992, splitting air flow was brought down to A 
bias of 1.0 for testing. At 1713 hours, splitting air was brought back 
to 1.1 to check repeatability. 

At 1846 hours, bed tamperature was dropped to 152O'F to bring the bed to 
full bed height. 

At A~XOXiJAAt.ly 2100 hour. , the bed level WAS brought to 142 inches. 
The post-bed combustion was very limited. The pASt. being mad. s..n.d 
to have more fine* due to the crusher being operated heavily loaded. 
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Moisture in the paste has been drastically reduced. Bed temperature was 
increased in step. from 1540 to 15759. At 0148 hour. on February 21, 
1992, grOAA g.n.rAtfOn PeAkAd At 70 m%gAWAttA At A .t.W fh" Of 429 

kpph- 

nmny paste pump problem. were l xperienoed during this run. 

At 0345 hours, the combustor was tripped for cooldown and inspection of 

tube bundle for deposit.. 

start-UD TD-SD-92-06-01 

The gms turbine WAS rolled l t 1532 hours, .Ild WA‘ p.Z-All.hd at 1548 
hour. on Februmry 26, 1992. Mr flow was l stmblished at 1558 hours, and 

an oil fire achieved at 2147 hours. 

A coal fire was estmblished at 0608 hour. on February 28, 1992. 

The north reinjection vessel would not fnd out mny bed mmterial. 

A stmble operating condition WAS l ohieved on the crwher with 5 to S 
hwh/ton energy input. It did not appear, howwet, thht more fines were 

achieved with the higher energy input Am WAS l xpcted. 

The paste moisture oontont WAS dwNA#ed mm the energy input to the 
crusher was increased, having expected better fines. Thim may have led 
to more problems than normal with the paste pump. plugging. 

Due to evaporator tempe~mture. indicating the posaibilfty of hhving 
formed a depodt, sorbent trM#pOti velocity was increAmed. ‘At 1325 

hours on Uarch 2, 1992, the velocity was set to 30.5 ft/sec. 

During the run, the south reinjection vessel also seeeed to plug up and 

would not allow bed material to flow out of it to the bed. 

Also during the run, the 626 cyclone appeared to plug, but lmter 
unplugged and returned to nonmml condition.. 

At 0029 hour. on Earth 3, 1992, the 65 paste pump tripped on 1ow 
splitting air flow. The next 15 hourm were spent trying to return the 
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pump to ..rvic.. It was returned to service at 1606 hours. At 2013 
hours, the )1 pmsto pump tripped on over hydraulic ptemsuro. All 
Att.S@‘ to return it to service were unsuccessful. At 1749 hours on 
Mmrch 4, 1992, the tS paste pump again tripped on low splitting air flow 
And the combustor was tripped by the operator at 1753 hours due to 
unstable firing condition. , with two past. pump. out of ‘.rvic.. 

Start-UD ~-SU-92-07-01 

The gmm turbine WAS rolled At 1347 hours on Mmrch 15, 1992, And 
pmralleled At 1403 hour‘, And Air flow established At 1416 NOUN. 

The bed prehehtet WAS lit et 2035 hours , And the steam turbine was 
rolled mt 2326 hour. and paralleled at 0159 hourn. While establishing 
stmrt bed level vim bed Ash reinjeotion, it was observed thht the ash 

evidently consisted of a high number of fines. Secondary cyclone. $23, 
124 and 125 showed sign. of pluggag., And OpACity rmn high. 

A Coal fire WA. not established beCAuse Of the inability t0 produce M 
acceptable coal pmste. The crusher was skewing bmdly And oversized 
material WAS getting through. This coal appeared to k much drier than 
th. CO.1 used during the COAL crusher testing of th. pr.viou‘ week. At 

1143 hours on March 16, 1992, the bed preheAter was r-ed fro. 
service, followed by the gms turbine. MaintenMCe #tUted on 
installation of water aprmy nozzles above the crusher to attempt to 
correct the crusher skewing problems. 

Start-V72 TD-SV-92-07-02 

Water sprmys were installed in thm chute Above the crusher to try to 
correct the crusher skewing problsm. This worked well And following 
testing of the co61 preparmtion system, the gas turbine was rolled on 
Mmrch 17. 1992 At 0519 hourm. prthlhhd At 0536 hour., And hit flow 
estmbliehed at 0601 hours. 

Throughout,the l ntfro day of Mmrch 17, 1992, the bed ptehehtet could not 
be lit off. A decision WAS made to shut down and inspo~t the bed 
preheater. The gas turbine WAS tripped at 1652 hour. on Mmrch 17, 1992. 
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Start-Du TD-SD-92-08-01 

The bed ash reinjection vessels, particularly the south, WA, injecting 
material into the bed without Any pulsing. 

The steam turbine generator was rolled And parAlleled at 0039 hours on 
D.C..b.r 18. A coal fire warn established at 0240 hours. Sorbent 
injection warn started at 0322 hours with the west line. Bed level was 
increased and paste pumps were bimsed in order to obtmin better bed 
temperature dfmtribution. 

Sed level was increased to the point to match the 40.5 hpph fuel input 
(previously 90 Lnches), Md then held there to evmluate. At this time, 
#13 cyclone dip leg tempumture increhmed to 100' above freeboard. 
Paste pump biAses were returned to 1.0, Air flow was increased, Md bed 
tea?Derature set point WA, rmimed All in An Atteept to put out the fire 
in #13 cyclone dip leg temperature. After chmnging the pump biases, all 
primary cyclone dip leg teeperature. increased to above freeboard. Air 

flow was increued and bed temperature WAS increased to try to get the 
cyclone fires out. Bed level WAS then reduced to 70 inches. This 
seemed to at least control the primary cyclone teeperatures from going 
any higher. Splitting mir flow was inCteASed to 1158 And then lowered 
to 95%, with no success in lowering the temperature.. 

At 0202 hour. on December 19, the #23 cyclone was dotermined to be 

plugged. Air flow was increased in an Attempt t0 UnplUg. At 0304 
hour., a combustor trip was initiated because of the plugged secondary 
cyclone. At 0306 hours, the #tome turbine tripped., 

The gms turbine was tr&ed fran the panel at 0445 hours, and the 
combustor was continued to bs cooled with the boiler ventilation system 
for outage work. 

The coebustor was released by the Waintenmnce Departeent at 1545 hours 
on May 19, 1992. Wanaing this start-up included hot g.. Cl.An up bypA.. 
cyclone And mosociated inlet and outlet piping. Secondary cyclone 
warming was aided by pulling a vacuum on the line during atut-up. 

A number Of Atte,I&Bt. At rOllin the QA‘ turbine Up t0 l m -Z. 

unsuccemsful due to HPC outlet pressure tmp. being plugged, CAUSing 
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false trip6 on RPC low efficiency. 

The gas turbine WAS muccesmfully rolled at 1917 hours on May 20, 1992, 
Md Air flow WAS established at 2012 hours. There was a hold while 
preheating with the gas turbine to dry out the RGCD refractory. 

The bed preheater was lit off at 0429 hours on MAY 21, 1992. The bypass 
cyclone wma noted to have sever61 hot spots right after the oil fire, 
with the mAnway nozzle being at lSO9 for A 450% gas temperature to the 
cyclone. Oil fire WAS held to Mintain tempermture reguireeents for 
HGCU refractory curing. 

At 1221 hourm on MAY 21, 1992, the l teae turbine was rolled; parallel 
occurred At 1411 hours. 

Corn1 fire WAS initiated at 2026 hours on May 21, 1992. At 2110 hour‘, 
16 paste pump tripped on lorlou splitting Air flow. Number 6 pump 

could not be returned to service until 2342 hours on MAY 21, 1992, due 
to difficulties getting the line Md splitting Air nozzle blown clear. 

During the l uly morning hours of MAy 22, 1992, tOSting WAS conducted, 
with 5R.B involves&en+, to get the LPT blade Strain gmuge data. 

Rumber 24 cyclone plugged during the start-up And remained plugged to 
thim point despite several air flow increases And resultant pressure 
vessel pressure increaees. 

At 0700 hours on May 22, 1992, conditions were: 
Bed Level 
Sed T.aq 
ST MW 
GT MW 
GT opacity 
Stack Opacity 
Fuel Flow 
Air Flow 
Pressure Vessel Prossure 
Byp~ms cyclone Inlet 
Splitting Air 
Sorbent Flow 
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The unit had been experiencing high opacity, and after trying all 

combinations of rapper and TR net adjustments, the TR mete were put into 
"intermittent" operation, one l t a time, and the stack opacity took four 
distinct step change0 from 70% to approximately 40%. It appeared that 
the fields were in a “bhck corona" problem. 

At 0715 houra, the unit went once-through. Bed level wae incromed to 
75 inchee, where additional CT teete were run for LPT blade testing (up 
to 5750 BPM LP l haft l peed). 

EGCD piping continued to have hot l potm. Overall, piping wae hotter 
than expected. Furs were rmguired on #ever61 expurdon joint6 end 

l ectione of piping. 

At 1405 hours on May 22, 1992, the TR eate were placed back M energy 
management from intermittent operation *m a tern+. Opacity dropped from 
368 to 201. Back corona teeting l hewed that it wae no longer present. 

At 1715 houre, May 22, 1992, (24 cyclone wae unplugged by puleinng the 
etirring air. 

During the early morning houre on May 23, 1992, the 43% inlet guide vane 
gam turbine teete wore run (additional LPT blade etreee temting). 

The bed level wa8 increased to 141 inche8, with a bed temperature of 

15359. The GPT diet temperature reached 940?, and bed level vae 
dropped to 135 inches at a bed temperature of 15259. 

At approximately 0741 hourm on May 23, 1992, the canbumtor and CT were 
tripped due to failure of the #4 axpmeion joint in the hot gae clean up 
myntem. 

Thm #l cyclone string wee l ffectivdy blocked off and following othu 
outage work being completed, the combumtor warn relearned by the 
ltaintwance Department at 0947 bourn on June 7, 1992. Normal gae rscitc 
warming warn accanpliehed on the l ix internal cyclone l mh strings. Th. 
vwuum on the wconduy ah line wee again wed. 
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The gao turbine wae rolled at 0515 hours on June 8, 1992, but a high 
vibration trip warn experienced from #I, 13. and #4 boaringn before 

reaching 250 RPM hold speed. 

The gae turbine vae eucceeefully rolled at 0604 houre, paralleled at 
0624 hours, and air flow l tablfshed through the cwbustor at 0629 
hours. 

Start bed level wae eetabliehed with mad and the bed preheater wae lit 
off at 1048 houra On June 8, 1992. 

The eteam turbine wae rolled and paralleled at 1412 houre on June 8, 
1992. 

A coal fire wae eetabliahed at 1805 hour0 on June 8, 1992. 

Bed level was then increased. The I24 amcondary cyclone plugged during 
start-up, but wae q ucceeafully puleed open. 

A problem with indicated bed level cawed unit control problem. The 
main ateam temperature control l tation ran into l aturation, and main 
l team temperature wae l xtrewly high, which reeulted in a combastor trip 
at 0211 hourn on June 9, 1992. 

The unit was eecured, bed level was lowered to below the paste nozrlem, 
and the paste lines were reversed and clean blown with air. 

The bed level was reduced to no indicated differential on bed leiel 
tape, and the bed pm-heater wae started again at 0950 hours on June 9, 
1992. 

Thm ateam turbine was rolled and paralleled at 1336 hours. 

Coal fire was initiated at 1800 houre. 

Bed level was increased and once-through boiler operation wae achiwed 
at 0622 houre on June 10, 1992. 

Cam turbine inlet guide vane tasting ~a6 done at 40", 50"; 70". 80", 90" 
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and 100" bed levels. 

The mtack opacity fluctuated around 228 from start bed level to 90", and 
no improvement could be made with the precipitatora. 

The 124 cyclone plugged again during thim coal fire period. (NO. 24 
remained plugged for the entire run.) 

The g&a turbine #I bearing vertical and (3 and 64 bearing vertical and 
horizontal vibration were in and out of alum sovmral timem during the 
start-up and run. 

During the entire run, the paete tank level warn lintited becaume of 
agitator ampe (due to drier pamte which warn achieved due to the crueher 
producing desired fines). 

Pull load acceptance teeting warn accompliehed on June 12, 13 and 14, 
1992, with a kd aah production teet being performed on June.16, 1992 
(9,200 lba/hr at 131" bed level). 

On June 16, 1992, a failing current tran8fomur (CT) warn found on the 

mtoam turbine generator “A” winding Phrmm 2 neutral winding. Tha 

temperature of the CT warn monitored clouly. The loading of the mteam 

turbine generator w&e limited to approximately 40 HW to limit 
overheating of thim CT. 

A dust loading test on the economizer/GT duct warn conducted on June 23, 
1992. A short bed aeh production test was conducted during thi8 duet 
loading temt (9,000 lbm/hr at 115” bed level). 

On June 26, 1992, the Phaee 2 ST generator “A*’ winding CT temperature 

mtarted to increase. The load w&e reduced on the generator, the l tmam 
diverted to the condeneer, kd level dropped, &td the mteam turbine w&e 
tripped at 1155 hour*. Bed level warn reduced to approximately 55 
inches, ateam flow lowered to 155 kpph, and the boiler circulation pump 

mtartmd. The CT warn replaced, and at 0112 houre on June 27, 1992, the 
.mteam turbine warn paralleled and load backup. 

During the run, the performance of the morbent prep l ymtan dmterioratmd 

to the point where we could only hold our qvn at 116" hod level 
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(approximately 18-20 kpph). Thie was with all material, including the 
fines going to the storage vessel. The percentage of fines (-60 mesh) 
was mometimee am high aa 402. 

During this run, both of the expansion jofntm on the sorbent storage 
vemsel outlete failed. The eamt one warn contained very quickly. The 
wmmt on. caused a oonmiderable memm before it wan repaired. 

During thfe run, one of the LPT mpeed pickups failed. The mpare one w&a 
COlUleCtUL 

The #2 precipitator TA field mhorted to ground , tripped, and could not 
be remet. (During the outage inmpection , a broken wire was found.) 
Almo, the #3 TR met tripp.d several tiiwm on low D.C. voltage, causing 
meraral opacity exceedanceo. Opacity warn a continuing problem 
throughout the run. The fields aecaned to "~aturat." with ash and would 
not clear unleem they were de-energired. 

Several control mymtemm were tuned during the run, including the bed 

mams control1.r and the combumtion master. 

Start-Co TD-SD-92-09-01 

During the q ch.duled mhutdown July 10, 1992, a teat warn perform& by 

t+king the freeboard mixing myntem out of 8ervice. Amh loading changed, 
but not significantly. Excemo air on 12 cyclone went even lower than it 
wae previously. The 0, readings on #4 and I7 cyclone strings increased. 
The eyetom warn returned to service for better distribution in the 
freeboard. 

A temt warn alma conducted to determin.. if the oecondary ash could be 
removed by a baghoume. (Duct opacity did not drop during thin temt.) 

The bed 1.1~1 was lowered to approximately 95". and at 1400 hours on 
July 10, 1992, the combumtor warn trippd. A steam turbine trip followed 
at 1403 hourm. 

After the trip, the paste noarlem were reversed while the bed level warn 
still above the nosalea, using LP nitrogen for the mplitting air supply. 
Thim 6pp.ar.d to have worked v.ry well.' 
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The gam turbine was tripped at 2025 houra on July 10, 1992. ALr cooling 
and feedwater circulation warn continued in preparation for maintenance 
outage activitiem. 

Pull load acceptance temting, a 30-d&y reliability run, and 740 hourm of 
continuoum coal fire were acccetplimhed during the run. 

Start-DC TD-SW-92-10-O% 

The cuabumtor warn relearned by Maintonanco at 1500 hourm on July 25, 
1992. Gas recirculation warming began at 1235 hours on July 26, 1992. 

The g&m turbine warn rolled at 2111 hourm and paralleled at 2127 hourm on 
July 26, 1992. Intercept and bypamo valves were opened at 2137 hourm. 

Probleme were experienced while attempting to light the bed prmheater. 
hfter the initial light-off, when the temperature control valve warn 
released to go to minimum fire position , the flame bocamm unmtable and 
the preheater tripped on lomm of flam. After trying wveral l olutionm 
for correcting the problau, the bed preheater warn l uccemmfully lit at 
0405 hour8 on July 27, 1992, by not allowing the control valve to go to 
minimum firm pomition. 

The (24 cyclone l houed l ignm of being plugged am moon 6. twraturem in 
the boiler began increaming. (Number 24 cyclone -ined plugged for 
the entire run.) 

At 0903 hourm, the mteam turbine warn rolled and paralleled. 

The duct opacity warn high the entire time while bringing the bed to 
mtut 1Wel. .Fine bed amh material carryover limited the rate of bd 
level increame that warn pommible bmcauw of primary cyclone amh flow and 

preemure limitationa. While increaming the bed level with 274 Symtem, 
the mouth toinjection vemmel outlet 'Z" valve plugged. All l ttemptm at 
unplugging it failed. 

At 1247 hourm on July 27, 1992, coal fh warn initiatd with a bed level 
of 24". 
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Am bed temperature increawd to the point where the control8 for fuel 
master and bed temperature are pulsed to auto, the temperaturea began to 
decrease. (It was determined later that the bed temperature station had 
bean mimtakenly left in manual with a tero output.) Bed temperaturem 
were not able to ba brought back up quickly enough and at 1300 hours, 
the combumtor was manually tripped. The ateam turbine tripped at 1032 
hours. The unit was secured following the trip. Because of the plugged 
reinjection vemael, there warn not enough bed material available for 
another mtart-up. It was then decided to cool and open the canbumtor to 
unplug the mouth bed aoh reinjeotion vmmmel , am well am (24 secondary 
cyclone. 

start-IJU TD-SW-92-11-01 

Tbe coiabumtor warn released by Maintenance at 1025 hours on August 1, 
1992. Cam recirculation warming warn started at 1940 hourm. 

The g&m turbine w&a rolled and paralleled at 0219 hours on August 2, 
1992, with the -oalvem being opened at 0224 hours. 

The bed preheater again ,had fl ham-out when the temperature control valve 
warn ordered to the minimum firm position. The minimum firm position warn 
incrmamad and the prehmater firm l mtablimhod at 0852 hourm. 

Again, (24 cyclone ehowed no l igno of any ash flow. 

The ate&m turbine warn rolled and paralleled at 1353 hours on August 2. 

Duct opacity warn high throughout bed level increaee, am warn arrh loading 
in the primary cyclone amh mymtam. 

A coal fire warn initiated at 1954 hour*, but w&a ordered off because t4 
coal nozzle was plugged. Attmmptm to clean it were unmucceasful and at 
2245 hourm, the co&u&or warn tripped. At 2335 hourm, the g&a turbine 
warn tripped. The Maintenance Department warn immued a clearance to allow 
mechanical r-al and cleaning of #4 coal nozzle. (The 11 coal nozzle 
warn almo remwed and cleaned.) 
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start-m TD-su-92-U-02 

The mechanical cleaning of the pa&e nozzle6 was completed by the 
Maintenance Department and the gas turbine was rolled and pualleled at 

0511 hour6 on Augumt 3, 1992. Combuotor air flow w&m emtablished at 
0518 hours; oil fire warn initiated at 0558 hourm. 

The #24 cyclone wam'mtill plugged. 

The n teaIn turbine warn rolled and paralleled at 0911 hourm. 

The duct opacity again warn high while l mtablimhing start bed level, and 
alma the primary l mh loading in the tranmport piping. Thim limited the 
rate of bed level increams. 

A coal fire warn initiated at 1231 hour*, but was ordered off when the #4 
coal p&cite pump did not pump through the norzle. Attwpts at clearing 
it were unmuccemmful. A l uecmmmful coal fire with five pumpm warn 

emtablimhed at 1617 houra on Augwt 3, 1992. 

After increaming air flow and prmmmure vem~el premmure, the 124 cyclone 
was pulmed and showed mignm of at learnt moat aoh flow. (uter it 

plugged again.) 

Sorbent injection warn initiated with the east line at 1850 hours. 

Bed level w&e increased to approximately 40 inches and bed material 
inventory warn built to enable increase to once-through operation. 
Throughout this period, l djumtwntm were made to the precipitator TAm to 
optimiw the dumt colleotion. The opacity warn never rduced below 
approximately 45* during the entire pork+ 

At 0743 hour8 on Augwt 4, 1992 , mevera indication8 pointed to a tube 

leak on the outmide of the boiler (inaide the combumtor). The combumtor 

was tripped at OS21 hours in order to avoid furthu damage from the 
wmpected leak. Outage inmpeotion revealed a leah in a drain connection 

weld on the boiler bottom header. 

The g&e turbine w&m tripped from the UCS at 1154 hourm on Augumt 4, 
1992. 
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Start-W TD-SW-92-12-01 

The combuetor was released by the Maintenance Department at 1435 hours 
on Auguet 8, 1992. G&m recirculatioti warming warn initiated at 1745 
hourm. 

The g&m turbine warn rolled at 2337 hourm, paralleled at 2356 hours, and 
the turbine valvem were opened at 0001 hourm on August 9, 1992. 

Tbo bed preheater warn lit off at 0558 hotarm on August 9, 1992. 
Increamed minimum firing met point was again uaed. 

The bed level w&a increaeed uming bed amh reinjection. The mteam 

turbine w&m rolled and pualleled at 1254 hourm , with a coal fire being 

initiated at 1349 hours. 

Sorbent injection warn mtarted at 1616 hourm with the e&Et 1in.e. 

Bed level w&a increawd to approximately 50 inchem and maintainti to 
build bed amh inwntory. 

The mtack opacity warn unumually high.from the time bed nuterial warn 
n tarted into the bed until a bed level of approximately 80 inchem warn 
attained. Temtm wore conducted on the precipitator TA m&m and it w&a 

determined that "back corona" eximted and warn preventing collection of 
the aeh. (“Power off” rapping of each field for approximately 45 
minutea cured the,problem and the stack opacity warn maintained at JO0 in 
energy management mode for the -fnder of the run.) 

During the lower bed level condition , a total of meven dust loading 
tests on the preoipitator inlet duct were conducted. At 0117 hours on 
Augumt 10, 1992, the 14 pamte pump tripped due to low splitting air 
flow. Manual reverming cleared the aplitting air tube, but the nozzle 
warn l till plugged. Several hourm later, after many uneuceemmful 
attmJptm, the nozzle warn clmued and the pump warn returned to swvicm at 
0849 hours. 

While increasing air flow, the low pressure turbine mpeed warn quickly 
brought through.the critical mpeed range of 4550 - 4610 RPM by closing 
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the LPC inlet guide vane and increasing the air flow demand. 

During the next meveral d&ye, problemm were experienced with 14, #5, and 
16 paste pumpe pumping inconeimtently. The problem warn, once again, 
churned by poor distribution of pamte in the tankm. 

At 0310 hourm on Augumt 13, the l orbent prep symtmm vibrating l creen 

motor bearings failed. Bed level was lowered to reduce l orbont wage 
while repairm were made. The motor warn repaired and at 1514 hourm, 
l orbent prep warn started and bed level w&a increased. 

Problemm were experienced rrry l uly in the l tart-up with the coal prep 
mymtan crumher. Skewing warn a problem and the recycle rate could not be 
operated high enough to obtain a good product (fines) and to keep the 
throughput high enough to support the needed firing rate. On August 14, 
1992, the l crewm ware reinmtalled above the crumher and both throughput 
and an acceptable coal pamte were l chimved. 

Prepared l orhnt mixing with the coal pamte warn temted during the week 

of Augumt 17. A 508 rate warn temted from Augwt 17 through Augumt 19, 
1992, and a 1OOb rate warn temted frcm Augumt 19 through Augwt 21, 1992. 

At 1320 hourm on August 21, 1992, the return roller kuing on conveyor 

#2 failed. Bed level warn reduced to oonmerve coal. The bearing warn 

replaced and on Augumt 22, 1992, the bed level warn again increamed for 
testing of morbent finem. 

The eorbent fines mixed with the coal paate test warn conducted August 24 
through Augumt 26, 1992. 

After completion of tha l orbent-in-pamte temting and l ample COlleCtiOn, 
the unit warn ahut down for tube bundle inmpection. The combwtor warn 

tripped at 0341 hours on Aug’wt 27, 1992, the unit warn cooled and 
mecured in the normal manner. The g&m turbine tripped at 1028 lpurs. 

The combumtor continued to bm cooled for maintenance outage work. 

92 13 0% S tart-uu TD -SD- - - 

The combumtor warn releammd by the Uaintenance Deputwnt at 1053 hour8 
on September 13, 1992. ~Gam recirculation w&m l tartod at 1536 hours8 and 
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vacuum was applied to the secondary amh line prior to starting the gas 
recirculation. 

The g&m turbine was rolled at 2251 hourm and w&a paralleled at 2311 
hours. Thm valve8 were remet and air heating of the combustor began at 
2316 hours. 

All secondary cyclone dip legs evidenced l ignm of being plugged, except 
for Number* 22 and 24. 

Bed level warn increamod and the l tew turbine warn roiled and pualleled 
at 1906 hours. During this time, the (24 secondary cyclone plugged. 

Coal fire was ordered on at 0127 hourm on September 15, 1992. The #3 
pamte pump failed to n tart and the function group warn ordered off. The 
pump warn run in recirculation locally and then w&a stopped. The 
function group warn ordered on again at 0132 hourm. Bed tmmperature~ 
rome at an extremely fast rate. Or levels dropped rapidly, the boiler 
water circuits entered into a large mwing, and the boiler circulation 
flow went low enough to trip the caabuator at 0136 hourm. 

After mecuring the unit, the pamtm pump. wore rmvmrmed. All indfcationm 
were that the reverse l eguence warn l ccep+able. 

The bed preheater was lit off at 0208 hourm. The @team turbine warn 
rolled and pualleled at 0443 hourm. 

At 0538 hourm, a coal fire warn ordered on, but the #3 coal paste pump 
again did not start. The function group was ordered off. It was 

recirculated again locally, then returned to automatic.. At 0546 hours, 
a coal fire warn again ordered on, but No. 5 pamte pump warn the only one 
which did not have an over hydraulic problem. Unsuccesmful attempts 
were made to unplug the notrlem , and the coabumtor tripped at 1115 
hours. The gas turbine tripped at 1257 hourm. 

The unit warn then released to the Maintenance Department to clean the 
paste nozxlem and the n econdary cyclonem. 
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sta*--On TD-su-92-14-01 

Tbe g&m turbine wae rolled at 1332 hourm on September 20, 1992, and warn 
paralleled at 1349 hourm.. The v&lam were remet and air heating of the 
combustor began at 1400 hourm. 

The LPC warn CleMed with Carboblamt injection during the warming period. 

The bed preheater warn lit at 1922 hour‘. Bed level warn increamed. The 
eteam turbino warn rolled and paralleled at 1906 hourm. 

At 0121 hours on September 21, 1992, a coal fire warn initiated. Bed 
tauperaturem rome very famt. ?uel mamter warn cut, but the caubumtor 

tripped at 0128 hourm on two hod teUipUh+Uw thermocouplem greater thM 
16709. 

After paste line reversing, the #2 and #3 norrleo were l till plugged. 
The bed warn taken back up into the toinjection vemmelm, Md planm were 

made to remwm the g&m turbine from eervice to clean the fuel nozzle‘ 
from outmfde of the combumtor. At 0543 hourm, the g&m turbine tripped 
becaume of fictive dime temperature differential. 

start-uv TD-SW-14-02 

After the cleaning of all mix pamte nomrlee from the outmide of the 
combumtor, the g&m turbine warn rolled at 2107 hour6 on September 21, 
1992, and warn paralleled at 1349 hourm. The oalvee were remet at 1400 
hours. 

The pamte norslem were checked for flow with LP nitrogen. Thm #l nozzle 
did not mhow a clean flow of nitrogen. The bed level warn lowered to mix 
inchem, and a reverme l eguewe attempted. Thim alma failed to mhow good 
flow. It warn determined that the imolation valve, BCV-B711, warn not 
uating. The g&m turbine warn removed from l ervice at 0139 hourm on 
September .22, 1992, the valve warn dimamne&led, and the meat repaired. 
The aqle valve wed for clean blowing warn alma replaced becaume of 
leakage and opening problemm. 
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start-uu TD-su-92-14-03 

Following the repair to the #l paste line isolation valve, the g&m 
turbine warn rolled at 1001 hours on September 22, 1992. Parallel warn at 
1018 hours and the valvem were opened at 1029 hourm. 

The bed preheater was lit at 1242 hours. Bed level was increamed and 
the mteam turbinm rolled and pualleled at 1553 hourm. 

Coal ignition warn l ccomplimhed at 1944 hourm. Bed tmmperature* again 

increamed very rapidly. The fuel mamtmr l mt point was lowered to 10.5%. 

Air flow warn increamed to 425 kpph, froeboud mixing was initiated, then 

morbent injection with the eamt line warn started at 2035 hourm. 

Sed level was increased to 45 inchee and held there to build bed 
material inventory. 

When sorbent injection mwapped to the wmt line, material would not feed 
out of the bottom of the injection vemmel. The my&em warn operated on 
mingle-line operation with the l amt line. Maintmnance worked on the 
wemt injection vessel outlet. Wet material wam~ found to be the problem. 
(Thim line was returned to mervice at 1436 hours on Smptmmbu 23, 1992.) 

Once-through operation warn accomplimhed at 0740 hours on Septmmber 23, 
1992, with an indicated bed level of 62 inchem. 

Increaeed bed level to the 112 inch tap to hold there for the intended 
limestone injection test. 

Estimates ue that the limestone morbent arrived in the bed at 2200 
hours. 

At approximately 0200 hourm on September 24, 1992, the bed conditionm 
beowe unstable. Eoaporator outlet tube temporaturem were increaming 
into alarm, hot and cool n potm were obmerved in the bed, Md scum 

sinterm were found in the bed amh removal l ymtan. 

The l plitting air flow warn inoreamed and bed level decreased in an 
attm to eliminate mintering and to improve the bed dynamicm. 

Conditiona did not improve and at 0510 hours, the combustor tripped 
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because of three bed temperature thermocouples learn than 12009. 

All bed material was removed, the gem turbine removed from service at 

1014 hours, the coanburrtor “6.8 cooled Md then relearned to the 
Maintenance Department for outage work. 

start-uu TD-SW-92-15-01 

The ccaubumtor was releaud by Naintmnance at 2000 hourm on September 25, 
1992. 

The combumtor warmin warn accomplished by l tarting the air circulation, 
l mtablimhing 0 prewure in the frmboud with 741/750 Symtmm, then 
warming the boiler circuita. 

The gam turbine warn rolled at 0706 hourm on Septmmbmr 29, 1992. 

Puallel was at 0726 hours, and the ralvem were opened at 0733 hours. 
Unusual vibration and noiw were detected on the LFC houming during the 
air heating period. 

The bed preheater w&a lit at 1346 hourm. The teat OI analyser lines 
worm found to have leakm jumt outside of the canbumtor. The‘. lin.# 

were plugged with high tanperaturm RTV to prevent leakm. 

Water mimt nozzles were umed on the inlet to the precipitator in an 
attempt to increase the collection of the ash. Thim appeared to help 
until after coal fire when the bed level warn increased. 

Bed level warn increased for the l temm turbine roll. The steam turbine 
stop valve trip solenoid coil failed and warn replaced. At 2031 hourm, 
the steam turbine warn rolled and warn paralleled at 2132 hours. 

Coal firm warn initiated at 2222 haarm. The #3 paste pump was pumping 
much lower flow than the others. The biam warn increamed to 1.5. Thim 
helped, but tuning in logic was required to bring the flcu up to what 
warn needed. Bed temperaturea increased slowly, and the fuel mamter met 

point warn increamed to 12.51. 

The vibration on #l and #2 beuingm of the g&m turbine incrmamed until 

air flow warn increased abovm 375 kpph. Air flow iacreame was stopped at 
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400 kpph, splitting air flow bias met to 1.25, freeboard mixing warn 
initiated, then sorbant injection with the east line warn atarted 6% 2327 
hourm.. Splitting air flow biam w&e increased .051 at a t&m to a bias 
of 1.55 at a bed level of 45 inches (splitting air flow at thim time was 

3675 ppn). 

Bed level warn maintained at 45 inches to build bed inventory. 

Once-through operation warn accomplimhed at 0557 hourm on September 30, 
1992. 

At approximately 0800 hourw , water warn found in the economiser outlet 
duct drain. The precipitator inlet duct water injection w&a l hut down 
to determine if thin water warn coming from that operation. (Outage 
inspection proved that thim was true.) 

At 1143 hourm, air flow warn decreawd because of high vibration on the 
#I bearing of the gas turbine. 

Splitting air flow biam warn increawd to 1.58 Md a flow of 3950 kpph. 

Bad level warn increased to the 112 inch tap to hold there for the 
intended limemtone injection temt. 

Sow minters were found in the hod amh removal l ymtem and at 
approximately 2100 hourm, the minter production meemed to be increasing, 
and evaporator tube temperatures and bed temperatures became erratic. 
Water warn added to the coal paste tank in an effort to cause the paete 
to mplit better in the bed. Splitting air flow warn increased to try to 
improve conditione. Nothing appeared to have any'significant effect. 

The combumtor warn manually tripped at 0101 hourm on October 1, 1992, 
beoaume of the very poor bed dynamics. 

All bed material warn re%ved, the g&m turbine ranoved from mervic~ at 

0446 hours, Md the combumtor warn cooled and then relearned to the 
Maintenance Departwant for outage work. 
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